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_0m

1. SCOPE

S- 1.1 Scoo_____ This specification emtablishes che functional perfocnmnce, design
development, test, and verification require=enOs for the Flexible

Multiplexer/Demultiplexer (FMDM).

2. APPLICABLE DOCUmeNTS

2.1 Applicability. The followlng documents of the exact issue shown shall

form a par_ of this specification to the _tent specified herein. _ the event

iof a couflic_ between documents referenced herei_ and the con_en_s of this

specification, the co:ntents of this specification shall take precedence.

;SPECI21CATIONS

M/flier Z

MIL-I-25860B(1)
Z6 October 1972

Indicator, Humi4ity, Plug, Color

Ch,anse

MIL-C-5541B(2)
30 Nove=be= 1972

Chemical Conversion Coating on
Aluminum and Aluminum Alloys

MI.L-A-8_25C(1)
L3 March _969

Anodic Coating for Aluminum

and Aluminum Alloys

_AsAI_sc

SP-T-0023A

I0 0ctober 1973
Environmental Acceptance Testing

_ockwell Internatloual/Space Division

MC999-O096D

30 ,_.tgust !974

.%mendment E-02

24 January 1975

Materials and _rocesses Control and

Verification System for Space Shuttle

Program: Suppliers and Subcontractors

45-

Ir%IC_IT $TST|MS "
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Electrical Design Requirements for

5-

A

REV LTR

28 June 1974

Amendment C-03.

2 July 1976

Electrical Equipment Utilized on the

Space Shuttle Vehicle

10-

MY0004-400

6 December 1"973

Amendment A-02

25 March 1975

Electrical, Electronic, and Electro-

mechanical - Orbiter Project Parts List

15-

MF0004-100

18 October 1973

Amendment A-01

19 February 1974

Amendment A-02

5 April 1975

Mechanical - Orbiter Project Parts List

20--

25-

MF0004-009

5 November 1973

Amendment A-01

12 March 1974

Amendment A-02

27 March 1974

Amendment A-03

6 January 1975

Equipment Cooling Requirements,

Electrical/Electronic

30-

35-

MC615-0010

See purchase order if

any for most current

issue designation

MT0802-101

Rev. C

dated 1-28-75

Adapter, Interface, Serial

Multiplexer

Space Shuttle Supplier Quality

ProgramRequirements and Guide-

lines. Applicable requirement

tables QA-M009939B, dated 4-13-75

and QA-M009939C, dated 1-13-76.

40-

45-

MC312-0001

Rev. C

dated 1-28-75

Reliability Requirements for Suppliers

and Subcontractors for the Shuttle -

Program, (GenerAl Requirements for).

Applicable Requirements Table

RA-MO09939C, 4-10-75.

I_,IOGNIX. ARIZONA
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5-

10-

MC999-0099

Ray. B

da_ed t-20-75

MC312-0002

Rev. B

dated" 1-28-75

Rockwell Letter No.

15- Mb-153-CVH-159

dated 4-i0-75

Rockwell Letter No.

-M5-153-CVH-158

_0- dated 4-9-75

Rockwell Letter No.

Mb-153--NDB-009

dated 11-27-74
2S-

SDerl'v

Sperry Publicatiou No.
7 i0_64000630-
dared 1I-II-76

STANDARDS

Federal
35-

FKD-STD-t 0 IB(2 )

8 October 1971

__ ANSZ-B46.1-1972

Milltarv

MIL-STD-I 2C (2)

i February 1971

Mai=tainabili=y and Support

Requirements. Applicable Requir emeut s
Tables MS-_MO09939C, dated 4-'8-75 and

MS-M009939D, dated 10-0_9-75.

Safety Requirements for Suppliers
and Subcontractors for the Shuttle

Program, (General Specification for).

Applicable Requirements Table
SA_-_O09939B, dated 4-_0-75.

EDCP No. 1392-383-400-8
Wire Wrap

EDCP No. 1392-383-400-6 and

1392-383-400-7

Couduc_or Width and Soldering

Hybrid PIND Testing

Test Verification

Preservauion, Packaging, and Packing
Materials: Test Procedures

Surface Texture

Abbreviations for Use on Drawings,
Specifications, Standards and in

Technical Documents
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10-

15-
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25--

MIL-STD-L 43B

iZ November 1969

MIL-STD-280A

7 July 1969

Mll-STD-442 (B)

I December 1967

XIL-S_-IZg(F)
30 March 1973

MIL-STD-130D (3)

i AuEuet 1973

MIL-STD-794(D) (I)

25 .Hay 1973

M!L-STD-810B (4)

21 September 1970

MIL-STD-147_%

15 May 1970

OTF_ PUBLICATIONS

3o_
_andbooks

DoD H 4-I

Latest Kevision

_5-

NN36000.1 (L_)
December 1969

40 m

45-

ARINC Characteristics

No. 568-3 Issued

June i, 1971

Standards and SpeciEications, Order of
Precedence for the Selection of

Defi=itlon of Item Level, Item

Exchangeability !_dels and Related Items

Aerospace Telemetry. Standards

Marking for Shipment and S_orage

Identification _rking of U.S. _Itli:a_,

Proper_y

Par_s and Eq=ipment, Procedure for

Packasi=g and Packing of

Environmental Test _lethods

Human Engineering Design Criteria

for Military Systems, Equipment

and Facilities

Federal Supply Code of _nufacmurers
Name to Code

Requirements for Packaging, Handling,
and Transportation for Aeronautical and

Space Systems Equipment and Associated

Components

Airborne Distance 5'_asuring Equipment.
ARINC Aeronautical Radio Inc.

Pt,IOENIX, ARIZON&
i

SECURITY NOTATION;

16

SUPPLEMENTS PAGE

5200-042 (!1.76) CONTINUOUS



I I

ENGINEERING

SPECIFICATION

i

_EV
LTR

SECURITY NOTATION SPF.C
NO.

FSCM 07187 , _ev LT_
i

3.

S, 3. I Item Definition The FMDM shall conve=_ and format dace to procide a

co=patlhle interface between the computer comple._ and the subsyste=s. To

achieve this interface, Uhe FHDM shall (I) convert analog and discrete vehicle

subsyscem dace to digital serial data for data bus transfer, (2) provide dace

buffering and foeman conversion between serial input/output channels, (3)

Io-conver_ data bus serial data into analog and discrete dace foe output to the

vehicle subsystem. The FHDM is a "Demand-Response" system, performing ins

functions under control of externally supplied commands.

3. LI FuncTional Block Diagram The equlpmeut b%ock dlag=am (Figure i)is
presented for re_e=ence only. (_ee page 92.)

20--

.3.1.1.1 l_em Description The F_DH shall consist of the following: (Duplex)

a. Two multiplexer interface adapters (HL%). (Conu=actor furnished

equipment. MC615-0010).

b. Two sequence control units (SCU).

2s- c. Two analog-to-dlgital modules (A/D).

d. Up to sixteen input/output (I/0) subsystem interface modules.

_0-

e. _ power supply module.s.

f. Builc-_n_Tes_ Equlpmeut (BZTE) circuit:7.

g, Two sequence memo_7 modules.

35- The FHDM may be configured in a simplex configuration consisClng of _he

fol!owlng:

a. A multiplexer in,efface adapter.

4_q b. A sequence control unit.

c. An A/D module.

45-

d. Up to eight Z/O subsystem interface modules.

e. A power supply module.

IIq.l_l[NiX. ARIZONA
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f. B_TE circuitry.

g. A sequence memory module.

1o-

The FMDM Co be provided in accordance with this specificatio= shall be used to

interface the payload subsystems with the vehicle computer complex. The _M

interfaces with the data bus and payload subsystem via connectors mounted on

the front panel.

For the Simplex FHDM, one connector for data bus interface and one connector

for power shall be provided. For the Duplex FHDH, two connectors for data bus

interface and t_o connectors for power shall be provided. S_bsyscem sisnal

15-1nterface connectors shall be chosen to support F__J_H Input/Outpuu module

interchangeability and provide for easy access (mating with ship's wirin 8

harness connectors).

20-

2s-

Connectors shall conform to the requirements of_0004-002.

The FHDM shall operate under control of external signals in three modes - data

transfer between Inpat/Output Processor (SOP), PCM_aster Unit (DACBU), and

FHDM; data acquisiUlou and control between F_DM and payload subsystems;.and

self-test.

3.1.1.2 Unit Confi_uraClon The F_DH unit shall be capable of being

confisured, via the accomodatlon of a basic se_ of plus-is subsystem interface

modules, to satisfy the various data acquisition and command requirements of

30- the Orbiter vehicle. The FMDM unit shall have the capability of being

configured in a redundant in_ernal arrangement by using plug-in modules. "The

plug-ln modules are printed circuit cards contain/n 8 circuits to perform the

various FMDH functions.

3s-iT he deslgn of the FMDM shall be configured so tha_ any _/O module as defined in

Paragraph 3.2.1.7 may be inserted into any of the (8) or (!6) I/O connectors

withou_ causlng damase to the module, a_d _he module shall function in any of

_he (8) or (16) I/O connectors.

_- 3. L2 Interface Deflni_ion The functional and physical in,efface requirements

benweeu the _DM and the i_terfacing subsystems are defined in the followin_

p&ragraphs. The interface definition establishes the functional and physical

characteristics at the in,efface. These require control since a change of

characteristics on oue side of the interface could require a desisn chanse on

4s- the other side.

SPERRY
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3.1.2.1 Elec_rical Power Characteristics The electrical power

characterisuics a= the FMDM interface shall be in accordance with _LF000A-00Z

5- for main dc power as supplied over cue or two independent buses; the _M will

receive these buses on independent connectors (28 vdc).

3.1.2.2 Mechanical Interface

10- 3.1.2.2.1 Mounting Requirements
3, and 4.

The FHDM is mounted as Shown in Figures 2,

3.1.2.2.2 Connector Loda=iou and Pin Fuuctlon Assignments Figures 2 and 3

specify the electrical connector locations. Appendix A is a detailed connector

15- and pin function listing.

3. Z.2.3 Coolin_ The _DM shall be designed for passive cooling, i.e.,

conduction to _ounting surface and/or radiation. Thermal transfer compounds,

such as silicone grease, shall not be required. For the radiation cooling mode

2o- use will be made of a suitable multilayer insulation blanket system.

The thermal radiator _hall be moun_ed _o _he _op of the F_DM package and, as a

design goal, shall be removable, i.e., replaced with a cover pla_e. In this

configuration, the FMDM shall be cooled via a cold plate co which the F_O_ is
25- mounted. In this case, requirements for cooling the F_DM shall be in

accordance with _0004-009 for coldplate equ/pmen_ in any Orbiter loca_ion.

30-

35-

3.1.2.4 Signal Interface Definltiou The F_DM in'efface with the interfacin E

subsytems is presented i= the followln 8 paragraphs.

I. FMDM To and From LEU The FMDM shall interface directly with LEUs

and has the ability to provide the following signal t_/pes to the
LEU.

• Discretes (5-vol_s, single-ended)

Inputs and outputs as described in Paragraphs 3.1.2.4.1.1. _. 1
and 3. I. 2.4. I. 2. i. I.

_0 _

45-

• Discretes (28-volts, single-ended)

_npu_s and outpu=s as described in Paragraphs 3.1.2.4. I. I. 1.2 "
and 3.1.2.4. I. 2. i. 2.

• J

• DC Analog 7nputs (differential and single-ended, plus 5. II volts

and minus 5.12-volts) as described in Paragraph 3. _.2.4. I. I.2. i.

FUGN7 $YSTIMS
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5-

• DC Analog output (plus 5.11 volts and minus 5.12 volts) as

described In Paragraph 3. I. 2.4. I. 2.2.

• Serial I/0 as described in Paragraph 3.2.1.4.

1o-

15-

20-

25.

.

3.1.2.4.1

• Pulse output (28 volt) as described in Paragraph
3.1.2.4.1.2.1.3.

FMDM to Data Bus The FMDM shall interface directly with the

digital data bus system. The data bus system provides compatible

interfaces, matching isolation, fault protection, and redundance

to allow the central computer system and individual FMDMs to

operate as a party-line digital data transmission syste m .

Control and monitoring, processing, and transferring of data to

and from the FMDM is provided via the data bus interface. The

FMDM shall interface with the data bus system using a Multiplexer

Interface Adapter. (MIA). The MIA shall be a functional element of

the FMDM. The MIA shall function as the interface between the

data bus _nd the FMDM control logic, receive commands and data

from the data bus, and transmit response data to the data bus.

The FMDM interface shall be a half-duplex channel consisting of

twisted, shielded pair cables.

Signal Characteristics

3.1.2.4.1.1 Input SlRnals

30- 3.1.2.4.1.1.1 Discrete Inputs

35-

3.1.2.4.1.1.1.1 Discrete Input 5 Volts Discrete inputs to the FMDM at the

subsystem interface shall include 5-volt, slngle-ended discrete input signals.

3.1.2.4.1.I.I.I.I Electrical Characteristics The electrical characteristics

of the 5-volt discrete input signals shall be as fdllows:

40--

Signal Parameter Characteristics

Digital one state (true) Plus 5 plus or minus 1.0 volts

• Digital zero state (false) Zero plus or minus 0.5 volts

3.1.2.4.1.I.I.i.2 Discrete Input Circuits Input circuits shall be

45- slngle-ended and shall be compatible with the incoming signal characteristics.

The receiving circuit shall interpret an input of plus 2.0 volts or less

PHOENIX, ARIZONA
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difference with respect to its return lime as a digital zero (false) and an

input greater than plus 2.5 volts as a digital one (true). Noise suppresslo_

5, or filtering shall be employed for all lines driven by single-ended output

circuits. The time constant of the filter employed shall be 1.0 milliseconds,

plus or minus 12 percent. The signal delay resulting from the use of noise

suppression of filtering circuits shall be between 0.3 and 5.0 milliseconds.

Input impedance of discrete input circuits shall be between 14K ohms and 21K

Io_ ohms in the digital one state and in the digital zero state. All discrete

input circuits shall provide over-vol_age protection of at least plus or minus

32 vol_s peak. The receiver shall i_te=pret an open input line or the driver

power-off impedance as specified in _hls document as a digital zero. The

inputs shall be divided into three selectable groups (channels) with _8 inputs

15- in each group. The input circuit shall provide no less than I0 megohms

isolation between each group ground, between the Ft_M internal logic ground and

each group ground, and between each group ground and chassis ground.

20-
3.1.2.4.1.1. I.i.3 Discrete Signal Kecuru Lines Each discrete signal shall

have a return line. One return for every four input discretes shall be

provided and an additional three spare =eturus shall be provided.
%

3.1.2.4. 1.1.1.1.4 Power-Off !rm. edance _en de-energized, the dc impedance of

the input circuit shallbe =o less than 10K ohms with plus or minus 6 volts or

25, less applied.

30-

3.1.2.4. LI.I.2 Discrete Input 28 Volts "Discrete inputs co the FHDM at the

subsystems interface shall include 28-volt discrete signals.

3.1.2.4.1.1. L2. I E!ec_rlcal Characteristics The electrical characteristics

of the 28-volt discrete input signals shall be as follows:

35-

Signal Parameter

Digltal-one state (true)

Characterlstics

I0 to 32 vdc

Digital zero state (false) 0 to 6 vdc

__ 3.1.2._.I. LI.2.2 Discrete !nDut Circuits Znput circuits shall be

single-ended and shall be compatible with the incomin_ signal characterlstlcs.

The circuit shall interpret an input of plus 6 volts or less difference with

respect to its return line as a digital zero (false) and an input greater than

plus 10 volts as a disital one (true). Noise suppression or filtering shall be

45- employed on all single-ended input circuits. The time constant of the filter

employed shall be 1.0 milliseconds, plus or minus 12 percent. The signal delay

Ft._,MT SYST[_S
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resulting from the use of nolse suppression or filtering circuits shall be

between 0.05 and 5.0 milliseconds. The input circuit shall provide no less

5- than 10 megohms isolation between its input power ground return and FMDM

internal logic ground. The receiving circuit shall interpret an open input

llne or the driver power-off impedance as a digital zero. The inputs shall be

divided into three selectable groups (channels) with 16 inputs in each group.

The Input circuit shall provide no less than 10 megohms isolation between each

10- group ground, between the FMDM internal logic ground and each group ground, and

between each group ground and chassis ground.

3.1.2.4.1.1.1.2.3 Discrete Signal Return Lines 28-vdc discrete signal inputs

shall use 28-vdc power ground. One return for every four input discretes shall

15- be provided, plus an additional three spare returns.

20-

3.1.2.4.1.1.1.2.4 Input Impedance The input impedance shall be between 245K

ohms and 357K ohms in the logic "i" state, logic "0" state, and the power-off
state.

3.1.2.4.1.1.2 DC AnaloR Inputs

=s-

3.1.2.4.1.1.2.1 Differential Analog inputs to the FMDM at the subsystem

interface shall include dlfferentlal analbg signals. Prefilterlng _nd

conditioning shall be provided on thesi inFut signals to achieve common mode

and passhand requirements.

30-

3.1.2.4.1.1.2.1.i Electrical CharactEristics, The electrical characteristics

of the input signals shall be as follows:

• Signal Type Differential or slngle-ended.

35-

• Full Scale Voltage RanKe From plus 5.11 volts to minus 5.12 volts.

• Source Impedance i00 ohms maxlmumwith a maximum Unbalance of i0

ohms for differential inputs. For slngle-ended inputs, the source

impedanc e shall be I00 ohms maximum.

3.1.2.4.1.1.2.1.2 Input Circuit Characteristics The input characteristics of
40- the FMDM for differential analog input signals shall be as follows:

• Input Impedance

45- 500 Kilohms minimum during sampling

500 Kilohms minimum during non-sampling

i00 Kilohms minimum when FMEM power is off

JL
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5-

10-

15-

20--

25--

3o=

35-

40-

• Common Mode Rejection 60 dB within the passband (as specified by

Paragraph 3.1.2.4.1. I.2.1.3c) for common mode signals between plus

and minus 10-volt minimum amplitudes for all signal ranges.

• Signal Lead Termination High and low input pins shall be provided

for each differential analog input signal on the FMDM slgnal input
connector.

3.1.2.4.1.1.2.1.3 SiRnal Processing Characteristics

characteristics shall be as follows:
FMDM signal processing

a. Encoding Accuracy The analog signals shall be sampled and

encoded by the FMDM for transmission onto the data bus. The total

accumulated end-to-end errors contributed by the FMDM to the input

signal due to any internal error source or any combination of

environment, power-source voltage, and signal-source impedances

specified herein shall not @xceed 0.5 percent RMS of the

full-scale voltage. The following error model is provided for

analytical use:

Parameter Description

End of Life

(one sigma)

Scale factor

Bias

Gain error in A/D or D/A pro-

cessing

Circuit null offset errors in

A/D or D/A processing

±0.40% of input

value

_.20% full

scale

Noise Circuit-noise-induced errors _+0.20% of full

in A/D or D/A processing, scale
(Noise is assumed band limited

white to IOK,Hz)

Quantization A/D encoding nonlinearity or

D/A decoding nonlinearity

_0. I0% of full

scale

The maximum end-of-llfe value can be taken as the two-sigma value for 95

_ercent confidence and three sigma for 99 percent confidence.

45-

  ERR¥
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5- b. Open Circuit Encoding An open input circuit shall be encoded by

the FHDM to an "all zeros" code plus or minus the binary

equivalent of 25 _millivolts. An open input circui_ is defined as
a source impedance greater than 10 megohms.

10- C.

IS-

Pre-Samole Filter The pro-sample filter shall be a low-pass

filter whose 3-43 point is at 40 Ez, plus or minus 10 percent, and

roll-off thereafter at a minimum rate of 6 43 per octave. The

design shall provide for ease of alternation of the passband

characteristics. The input filter shall be implamenEed Eo be
bypassed by the user.

3.1.2.4.1.1.3 Serial Digital

in Paragraph 3.2. i.&.

The serial digital input interfdce is defined

2o- 3.1.2.4.1.2 Output Sigaals

3. i. 2.4. i.2.1 Discrete Outouts

3. L.2.4.1.2.1. I Discrete Output 5 Volts Discrete outputs from the _DM at

25- the payload subsystem interface shall include 5-volt discrete signals.

30-

3.1.2.4.1.2.1.1.1. Electrical Characteristics

of 5-vdc discrete outputs shall be as follows:

The electrical Characteristics

SiEsal Parameters Characteristics

Digital one state (true) Plus 5 plus or minus _.0 volts

35-
Digital zero state (false)

Rise Time*

Zero plus or-minus 0.5 voles

1.0 to 20.0 microseconds

Fall TAme* 1.0 to 20.0 microseconds

*The rise and fall t_e shall be measured between 10 and 90 percent of the peak

signal limits driving a resistive load of 400 ohms, plus or minus 5 percent,

paralleled with 5000 plcofarads, plus or minus 10 percent.

45-

SP EFE=.¥
P_ICII¢7 $'(STEJ_S

SECURITY NOTATION

SUPPLEMENTS

24

PAGE

5200,042 (1-76) CONTINUOUS



ENGINEERING

SPECIFICATION

REV
LTR

i SECURITY NOTATION JSPEC j

NO. A

FSCM 07187 REV LTR

3. I. 2.4.1.2. i. i. 2 Discrete Output Circuit The slngle-ended discrete outputs

shall be capable or supplying i0 milliamperes current at plus 4.0 volts

s-minimum. The output circuit shall be capable of driving no less than 50 feet

of single-conductor cable having a distributed capacitance of 50 picofarads per

foot, with no less than four input circuits on the line, each drawing 1.25

milliamperes maximum. The output circuit shall be capable of sinking I0
milliamperes of current when at 0.5 volts.

10-

3.1.2.4.1.2.1.1.3 Power-0ff Impedance When de-energlzed, the dc impedance of

the output circuit shall be no less than 10K ohms with plus 6 volts applied.

3.1.2.4.1.2.1.1.4 Signal Ground The FMDM 5-volts dc output module shall

is- provide 16 81gnal grounds. One ground for every four output discretes and an

• additional four spares shall be provided.

3.1.2.4.1.2.1.2 Discrete Output 28 Volts Discrete output from the FMDM at the

vehicle subsystem Interface shalZ be 28 volts dc nominal, and in accordance
2o- with MF0004-002.

3.1.2.1_1.2.1.2.1 Electrical Characteristics The electrlcal characteristics

of 28-volts dc discrete outputs shall be as follows:

25-
Signal Parameters Characteristics

30--

Digital one state (true)

Digital zero state (false)

Vehicle power-voltage level'wlth

allowable 4.5 volts internal voltage

drop

0 to 3 vdc maximum

35-

Rise Time*

Fall Time*

I0.0 microseconds to i00.'0

microseconds

i0.0 microseconds to i00.0

microseconds

40- *The rise and fall time shall be measured between I0 and 90 percent of the peak

signal 28-volt limits, driving a resistive load of 2.8K ohms, plus or minus 5

percent, paralleled with 5000 picofarads, plus or minus i0 percent.

3-1.2.4.1.2.1.2.2 Discrete Output Circuit The slngle-ended discrete outputs

4s- shall be capable of supplying i0 milliampere current maximum at plus 18 volts

dc. The outpu6 circuitry shall be an electronic switch for obtaining a
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discrete output signal by utilizing 28 volts dc vehicle power. The power

ground isolation from the internal FMDM signal ground shall be provided with a

54 minimum of I0 megohm isolation capability for each discrete output.

10-

15-

3.1.2.4.1.2.1.2.3 Power-Off Impedance When de-energlzed, the dc impedance of

the 28 volts dc discrete output shall be no less than 10K ohms, with plus 8

volts input applied.

3.1.2.4.1.2.1.2.4 Signal Ground The vehicle power ground shall be utilized

for the 28 volts dc discrete outputs. The FMDM 28-volt dc output module shall

provide 16 signal grounds. One ground for every four output discretes and an

additional four spares shall be provided.

3.1.2.4.1.2.1.3 Pulse Output 28 Volts Pulsed outputs from the FMDM at the

payload subsystem interface shall be 28 volts peak nominal and in accordance

with MF0004-002.

20- 3.1.2.4.1.2.1.3.1 Electrical Characteristics The electrical characteristics

of 28-volts dc discrete outputs shall be as follows:

Signal Parameters Characteristics

25 -

30-

35-

40--

45-

Positive Pulse Level (tru@)

Zero Level (false)

Rise Time*

Fall Time*

Pulse Width

Vehicle ppwer-voltage level

with allowable 4.5 volts internal

voltage drop

0 to 3 volts dc maximum

i0.0 microseconds to i00.0

microseconds

Duty Cycle

I0.0 microseconds t_ I00.0

microseconds

20 milliseconds minimum, 35

milliseconds maximum

20% maximum duty cycle; the maximum

number of outputs which can be in the

true state at any one time is 24

*The rise and fall time shall be measured between I0 and 90 percent of the peak

signal 28-volt limits, driving a resistive load of 580 ohms (plus or minus 5

percent) paralleled with 5000 picofarads, plus or minus i0 percent.
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3.1.2.4.1.2.1.3.2 Pulse Output Circuit The single-ended discrete outputs

shall be capable of supplying 50 milliampere curreDt maximum at plus 18 volts.

s-The output circuitry shall be an electronic switch for obtaining a discrete

output signal by utilizing 28-volts dc vehicle power. The power ground

isolation from the internal FMDM signal ground shall be provided with a minimum

of i0 megohm isolation capability for each discrete output.

1o- 3.1.2.4_1.2.1.3.3 Power-Off Impedance When de-energized, the dc impedance of

the 28-volt dc pulse output shall be no less than 10K ohms, with plus 8 volts

input applied.

3.1.2;4.1.2.1.3.4 Signal Ground The vehicle power ground shall be utilized

15- for the 28-volt dc pulse outputs. The FMDM 28-volt dc output module shall

provide 16 signal grounds which includes one ground for every four output

discretes and an additional four spares.

20-
3.1.2.4.1.2'2 DC Analog Outputs

3.1.2.4.1.2.2.1 Differential Outputs The output circuit shall be

differential, and shall exhibit a maximum output impedance of less than I00

ohms, with a maximum unbalance of I0 ohms. The output circuit shall be capable

of supplying 8 milliamperes minimum at plus 5.11 volts, and sinking 8

25- milliamperes at minus 5.12 volts. The output circuit shall be capable of

driving no less than 50 feet of two-conductor cable with a distributed

capacitance of 50 plcofarads per foot. DC output voltage range shall be plus

5.11 volts to minus 5.12 volts. The output circuits shall not be damaged or

shall not malfunctionlf shorted to ground for an indefinite period of time, or

30- if plus or minus 32 volts are applied llne to ground. When one output

amplifier is shorted to ground, however, the remaining output can only sink

1.25 mA and source 2.5 mA. The product of this current and the subsystem

device resistance determines the maximum voltage swing in the presence of a

short circuit. The output circuit shall be limited to plus or minus 15-volt

3s- output maximum. Channel accuracy shall be 0.5 percent rms full scale; output

sample and hold circuits shall exhibit less than 0. I percent droop over a

100-milllsecond time period. The dc output circuit shall be capable of

accomplishing full-scale voltage slew in less than 30 microseconds. See

40- Paragraph 3.1.2.4.1.1.2.1.3a for an error model for analytical use.

3.1.2.4.1.2.2.2 Power-Off Impedaqce When de-energized, the dc output

impedance shall be no less than 10K ohms, with plus 8 volts input applied.

45-
3.1.2.5 Data Bus

MC615-0010.

The FMDM design shall incorporate a MIA as defined in

3.1.2.5.1 MIA/FMDM Interface
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3. I. 2.5. i. i Electrical Design The FMDM design shall be compatible with the

MTA/Host Tnterface and timin 8 defined in MC615-0010.

3. i. 2.5. I. 2 Electrical Power The FMDM design shall provide electrical power

to the _ as defined is MCSi5-0010.

3.1.2.5.1.3 Heat Dissipation The FMDM design shall provide for MIA heat

1o- dissipation as defined in MC615-0010 4xcept that the heat-sink temperature

range shall not exceed 196°F and the thermal resistance between ML% and heat

sink shall not exceed 1.26°F per watt.
I

3. i. 2.5. I. 4 Mechanical Design _ne HIA shall be installed in accordance w_-th

iS- the mounting provisions as defined in MC6lS-0010. The ML% shall not be

subjected to vibration levels i= excess of the envelope listed below:

20 - 80 Hz - Rising at 3.2 dB/o_tave from 0.08 to 0.35 gl/Hz

80 - 140 Hz Constant a¢ 0.35 g /Hz

20- 1&0 - 350 Hz - Rising at 12.8 dB/octave from 0.35 to 14.0 g_Z/Hz

350 500 Hz Falling at 1.1.8 d_/octave from 14.0 to Z. 0 gZ/Hz

500 I000 Hz Constant at 2.0 g_/Hz

1000 - 2000 Hz - Fallin8 at 18.2 d3/octave from 2.0 to 0.03 gZ/_z

25- 3.1.2.5.1.5 Data Bus !nterconnectlon Unless otherwise approved by the buyer,

the interface cable from the FMDM LEU connectors to the MIA data bus pin

connections shall be two-conductor, twisted, shielded, Jacketed cable with a

distributed capacitance of less than 50 pf per foot, and an impedance of 70

ohms, plus or minus 10 percent.
30-

3.1.2.5. I.6 MIA Address DecodinR The FM_DM shall provide independent ML_

address coding for each HIA within _he FMDM. The connector(s) containing the

data bus interface wiring shall contain at least seven pins to permit setting

the M!A address externally in the wire harness. The }_iDH (SCU module) shall

35- decode the H!A address by the usa of five of these pins which shall provide

access to the F_DM logic circuitry for Bits 4 throush 8 of the Command/Command

Data Words, a sixth pln which shall provide a logic one voltage source, and a

seventh pin for a logic zero voltage source. The MIA address for _he FM_DM

shall be established by the wire harness connections, and shall be generated
40-

within the FMDM for response data word encoding. The MIA address established

by the wire harness connection shall not be wired externally to accep_ a HIA

address of zero.

45-
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3.1.2.5.2 DaCe Bus Transfer HeChods

3.1.2.5.2.1 Modulation

MC615-0010.

The modulation shall be in accordance with

R_V LT_

3.1.2.5.2.2 DaCe Code

Io- 3.1_2.5.2.3 Dace Race

The data code shall be in accordance with HC615-0010.

The data rate shall be in accordance wlth MC615-0010.

3.1.2.5.2.4 Message The message shall be in accordance wlth MC615-0010.

3.1.2.5.2.5 Command Word S.vnc
,s- with MC615-O010.

The co---and word syuc shall be in accordance

3.1.2.5.2.6 Data Word Syuc
MC615-0010.

The data word sync shall be in accordance wlch

2o- 3.1.2.5.2.7 Transmission Line

with MC615-O010.

The transmlsslonline shall be in accordance

3.1.2.5.3 Outpu_ Circulc'Characterlscics

_s- 3.1.2.5.3.1 OuCout Clrcu£t Voltage
accordance with MC615-0010.

The output circuit voltage shall be in

30-

3.1.2.5.3.2 Output Wa_efbrm
ffC615-0010.

The output waveform shall be in accordance with

3.1.2.5.3.3 Transmitter OuCout Noise

in accordance with MC515-0010.
The transmitter output noise shall be

3s-
3.1.2.5.3.4 TransmicC_r Off Impedance

in accordance with MC615-0010.
The transmitter off impedance shall be

3.1.2.5.3.5 OuCout WaveformDistorcion

be in accordance with MC61_-0010.
The output waveform distortion shall

_- 3.1.2.5.4 Input Circuit Characteristics

45-

3.1.2.5.4.1 Input, Circuit Common Mode Re_ec_Icn The input circuit

characteristics shall be-in accordance with MC615-0010.

3.1.2.5.4.2 Input Circuit Impedance
accordance wlth MC615-0010.

The input clrc_it Impedanceshall be in

Iq.JGMT S_STEM$
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5-

3.1.2.5.5 Gap Time The FMDM shall be responsible for defining the gap tlme

!between successive data transmissions as defined in MC615-0010. The gap time

shall be controlled by the leading edge of the Transmit Data Available pulse.

3.1.3 End Item and Major Component Identification The identification of the

multlplexer/demultiplexer unit shall be as specified in Appendix A.

10-

15-

3.1.4 Buyer Furnished Property The following items will be supplied by the
Ibuyer, and shall be incorporated into the FMDM.

Buyer Traceability Maintenance

Nomenclature Control�Part No. Classification Level

Adapter, Interface,

Serial Multiplexer

MC61_-0010-OXXX* Serial SRU

20-

*The current dash number will be supplied by purchase order change notice.

3.2 Characteristics

3.2.1 Performance The FMDM shall be capable of sampling analog, discrete,

and serial digital signals from the vehicle subsystems on command from the

25- vehicle computers. The FMDM shall also be able to output dc analog signals,

dlscrete signals, and serial digital signals to the payload subsystems.

3.2.1.1 Life Requirements The FMDM shall be designed to provide the most

cost-effectlve llfe capability, considering minimum maintenance and

30- refurblshmen_ as well as state-of-the-art hardware design.

3.2.1.I.i OperatinK Life As a design objective, the FMDM shall be capable of

performing all operations specified herein for a minimum of 24,000 hours.

35- 3.2.1.1.2 Useful Llfe As a design objective, the MDM shall have a minimum

useful life of 24,000 hours, which is equivalent to 100 orbital missions In a

10-year period from date of delivery. The average orbital mission will be

seven days; however, the design shall not preclude the capability to extend the

orbital staytlme up to 30 days. Preventive maintenance, servicing, repair, and

40- replacement of parts shall be consistent with the seller's tradeoff results, as

agreed to by the buyer.

45--
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3.2.1.1.3 Shelf Life As a design objective, the FMDM shall be capable of

operating'in accordance with the requirements specified herein any cime wi=hin

s- a period of i0 years from date of delivery when exposed to the applicable
envlronmen=s of 3.2.5.

3.2.1.2 Eunctioual Reaulrements

I0' 3.2•1.2.1 Functional Arrangement T_e simplex FMDM shall be packaged in a

single box. Space and connectors shall be provided in =he FMDM box for a total

of eigh= I/O modules, each with a maximum of 32 addressable I/O channels. The

I/O modules shall be of nine types for initial configuration, as defined by

this document. Any number of I/O modules (eight maximum) in any configuration

1S- mix may be inserted into the FMDM to accommoda=e vehicle interface requiremen=s

for data acquisition and control• An _/O channel may be 16 single-ended

discrete signals plus ground, a serial _/0 channel, or other. The design of

the F_J_M modules shall be compa=ible wi=h duplex configurations or other

expanded simplex arrangements employing any number of _/0 modules in any

2o- configuration mix up to 16 _/O modules maximum.

34 2. I. 2.2 Power Suoolles The FMDM shall contain power supplies which convert

input dc power to required internal operating voltages. Operation of =he power

supplies shall be coordinated and sequence-controlled during turn on and

25- turn-off, inpu= power Snterruption and transien=s to assure a predictable

In/tial operating state and continuity of operation. Application and removal

of input power shall be sensed; power-off and power-on interrupt signals

generated, and in=ernal pro=ectlve opera=ion conducted as required to provide

the response specified herein• Should one supply shut down, the other power

30- supply s_all assume =he FMDM power load and the _I_ operation shall not be

affected (i.e., a Duplex FMDM).

Current limiting of the 28-volt external power and diode 0R-ing on =he 28-voi=

output discrete modules shall he used• Diode OR-img of =he 28-voi= _terna!

_s- powe= wi=hin the FMDM shall not he used excep= for the 28-vol= discrete output

modules•

3.2.1.2.3 Power-On Secuence Application of input power =o the F_IM shall be

sensed, and shall initiate an orderly scart-_p sequence and an orderly

_- initialization sequence that contains steps in this order:

_5-
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a. Sense _nput power application.

s: b.

10-

Ce

d.

Reset all TMDM outputs to logic "0". Discrete outputs may be

_ndete_nate for a period not to exceed ZOO microseconds, after
which discrete outputs shall be at a logic "0" state.

7-hlbit all "outputs from changing state for. 10 milliseconds.

Set Bit I of the internal BITE status register to a logic "i".

e. Set" all remaining BITE bits to logic "0".

15- f. Begin normal FMDM operation 10 milliseconds af=er input power is
sensed.

The S-hit shall be set to "0" on the first response data word transmitted by

the FM_DM _ol!owlng a power-down/power-_p sequence which normalized DLDM

20- registers. The S-bit shall be reset to "l" by the first word of the next data

message. If the first word transmitted foil.wing a power transient is B_TE

status, the "S" indication shall not be given in the SEe field of the response
data word.

2s- Bit i shall be set in each BITE status register following the occurrence of a

power-_own/power-up sequence which =ormallzed FMDM outputs. The indication

shall remain in the BITE status reElster until reset following GPC BITE status

request or by GPC commanded master reset.

3o- 3.211.2.4 Power-Off "Sequence Remova_ of both external power i_put_sources

from the FM_DM shall be sensed, and shall initiate an orderl7 power shutdown
sequence containing, but =or limited to, the fo!lowimg steps:

35-

_m

a. Sense power removal at the input power filter and generate a

power-down reset function when the voltage has reached a level

below which normal operation cannot be maintained. (Capacitive

energy storage shall sustain operation as required for power

interruption holdover, as per Paragraph 3.2.1.2.5).

b. Complete orderly shutdown by setting all discrete outputs to a

logical zero within ZS0 microseconds. Following power-down reset

" of the analog output module, the output differential voltage shall

4S-
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10-

=or exceed 320 _illivol_s peak for loads no greater :hen 500K

ohms, line t:o line, and either Iine t:o g:ound volt:age shall not

exceed _000 mi!livolts peak for loads no greater than L megohms

llne to ground. The output diffarent:lal vol_age shall remain

less t:han 25 millivolt:s peak subsequent to 100 milliseconds

following power-<1owu reset:.

c. Complet:e orderly shut:down by sett:ing all external interfaces to

logic "0".

is- Once shutdown starts, t:he sequence shall cont:inue t:o completion regardless of

subsequent: input: power stratus.

20-

3.2.1.2.5 Power Interruotion St:erring from an input: of 28 vdc, loss of input

power for periods of up t:o two milliseconds at +25°_ shall noc affect .._IDH

operat:iou. At -55°C, loss of input: power for up to one millisecond shall not:

;affect FHDM operat:iou. The ._MDH is not: required to operaUe if loss of input:

ipower exceeds t:wo _Lil!iseconds.

3.2. I. 2.6 Normal Power Transients I_put power _ransienas w!t:hin the limits

2s'[deflned in Speciflcat:ion M_0004-002 shall no_ cause F}IDH malfuuct:iou or affect"

FS._M operat:ion.

. o .

3.2. 1.2.7 Abnormal Power Transients Input: power transients wiuhin ¢he limiUs

3o-deflned in Speciflcat:ion _LF0004-002 shall not cause equipment damage or

spurious behavior. For undervoltage uransienUs which exceed normal limits,

execution of a shut:down/rest:art .sequence ks permissible provided all the

sequence straps of Paragraphs 3.2. i. 2.3 and 3.2. h 2.4 are executed.

3.2. I. 2.8 Electrical Prptec_ion <In_e_nal) Prot:ectlou shall be provided An

the F_.IM where a failure, fault:, or overload could resulu in uhe follo__ng:

• Chain reaction failure causing loss or failure of ocher major

components.

• Signlficant hazards of fi=e, smoke, or explosion.

• Damage of external wiring or out:pu_ circuits.
o

•5- Circuit breakers, fuses, or similar devices shall =o_ be used.

aut:omat:ica_ly resett:in_ elements that sense such F_DM in_erual charac=eristics

as ov_rcurrent:, overvoltage, or overtemperaEure shall be u_ilized.
°
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3.2.1.3 SCU Functions The Duplex FMDM SCU serves as a central control

element for each of two functional areas (see Figure i) that are defined as
follows:

• Functional area i - consists of MIA i, SCU I, A/D I, data/address

channel I, any of the I/O modules, and the power supply. SCU I
controls the operation of this FMDM area.

• FMDM functional area 2 - consists of MIA 2, SCU 2, A/D 2,

data/address channel 2, any of the 16 I/0 modules, and the power
supply. SCU 2 controls the operation of this FMDM area. The

addressing of FMDMs on the primary and backu V data buses at the same

time is an error condition, and the FMDM shall no{ respond.

The major SCU functions shall be as follows:

• Accept data from the MIA.

• Decode FMDM address, I/O module address, and mode field to determine

the required operational mode. Execute the specified mode of

operation.

• Enable addressed I/O modules.

• Transmit channel address and data to I/O modules.

• Control operation of the A/D converter.

• Provide for transfer of command data word (CDW) to the I/0 modules

at the same tlme as the incoming message parity and validity is
being verified.

• Accept data from I/0 modules.

• Establish response data word format and transmit the data to the
MIA.

• Perform self-test to determine FMDM operational status.

• Set a bit in the BITE status register to a logical "i" when an

external device requests an operation on a nonexistent channel.

operation shall not be executed.
The
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10-

20-

25-

30-

.35 -

_m

• The SCU shall assign addresses i through 31 to the _M.

selection shall be accomplished as described in ?aragraph
3.1.2o5.1.6.

.-_ddress

• Data bus interword gap_time shall be monitored in the _H; incoming

data rap-time shall be 5.5 plus and minus 0.5 microseconds

(Reference Figure 9).

The _)H inter_ord gap-time, sync included, may be checked at any time between
11 and 38 microseconds. The time checked shall be from the and of m word to

ithe start of the mext word within the _essage. ?allure to meet the 8ap-tlme

requirement shall set Bit 10 in the BITE status register.

• The SCU shall detect simul_aneous operation from Che primary and

backup data bus and se_ Bit 7 in the BITE status register when an

error condition exists. The SCU shall discontinue all opera,ions
un_i! a new command data word is received.

i

• Data bus interword gap time for words transmitted from the _M

shall be 5.5, plus or minus 0.5 microseconds (Re_erence Figure i0).

• The $CU shall verify the Command Data Word (CDW) check pattern

consisting of Bits 25 through 27, (I01). Command data words failing

the I01 check shall be considered bad /ate words, and shall be

treated in accordance with Paragraph 3.2.1.3.2.1.

3.2.1.3.1 Word Size The word size shall be 24 bits, plus sync, plus pari_y_

as shown in Figures 7 and 8.

3.2.1.3.1.1 Word Format

in Figures 7 and 8.
The word format (bi_ definition) shall be as shown

3.2. !. 3.1.2 Number of Words The number of words in a message shall be from i

to 33 maximum for data bus commands. Where data bus command words specify use

of_ the PROM, the number of words in a message can be up to a maximum of 512

da_a words (32 PROM locatio_s times 16 words).

45-
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3.2.1.3.1.3 Parlt T Bit Each word shall contain a parity bit. During

t=ansmissiou the parity bit shall be assigned a value so the total n,-_ber of

5"i"ones" in the word is odd. During =eception, the parity shall be checked by

deteEminlng whethe_ or not the =eceived word co_tains an odd number of ones;

Bits 4 through 28 mus_ be odd.

1o-

15-

¢n MESSAGE c:_n PARITY

•L., 24 BITS" ""-!_ , BIT-]_

: '

20-

25-

3.2.1.3.2 Message Format The message format shall be as specified by this

document. The format of the co_nand and daEa words (hie designation) shall be

as shown in Figures 7 and 8.

3.2. I.3.2, i MessaRe Sequence The _DM shall be capable of satisfying the

peak throu_h-puU requirements of half duplex data bus in tha_ it shall accept

data bus Command _4ords (C'g) or Command DaUa _ords (CDW) at a peak rate of one

each 28 microseconds, plus gap time plus or minus 0.5 microsecond," or output

30- Response Data Words at a peak rate oE one each 28.0 plus or minus 0.5

microsecond plus gap time.

3s-

a. The message sequence for the transfer of data to an F_DM shall

consist of the following form (See figure 9):

• One command word _ollowed by i to 32 da_a words from che data

b_.

4Om

4S-

• If a command word is =or accepted by .=I_DM, the F_t! shall not

respond to the subsequent command dana words in that message.

if a bad command data word is received, subsequent command data

words of _he message will not be accepted by the FMDM. The F_ID_I

shall set a Bit 2 in _he BITE status register and wait for a new

corn=rand word.

JL
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10-

15-

20-

25-

30-

35-

45-

b. The messase sequence for data requested from an _I shall consist

of-the following form (See Figure I0).

• One command word from the data bus followed by i to 32 response

data words trausmltted by F_M.

"e If a command word is no= accepted by the FMDM, the FMJ_M shall

not transmit a =espouse word.

3.2. i. 3.2.2 • Co=mend Word

information:

The command word shall contain the followiug

Bits

i-3

4-8

Command Syuc - Three-bit nouvalid Manchester code as defined by this

do=,--eat.

FHDM Address - Five-bit code that identifies the _DM thaC shall"

respond to a given command. Addresses shall be assigned from I to 31.

A_Idress zero (00) shall not be assigned as an _mM address.

./

10-13

1_-17

18-22

Mode Control Field - Four-bit code used for determining =he

operational mode of the FMDH.
.!

Module Address - Four-bit code that identifies the I_O module where

the selected channels are located. All zeros coded in Bits 14-17

addresses module address one; all cues address module 16.

Channel Address - Five-bit code that identifies one out of a maximum

of 32 channels on the I/O module. This code alsq identifies a

starting channel address for a multiple-word data transfer. Refer Co

Figure 7 for unique use of these bits for discrete outputs.

All zeros coded in Bits 18£22 addresses channel addr%ss one; all ones

addresses channel address 32.

23-27 Number of Words - Five-bit code that identifies the number of data

words to be transmitted or received. For a nonzero code, the F_DM

shall transmit/receive wcrds from/co a channel address increasing

mono_qulcally startlag from the channel address Bits 18 throush 22.

i
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51

If an addressed module contains 32 channels, the channel address can

wrap around on the module. Channel addressin 8 shall not increase

=onotonically to the next higher module address.

28 Parity. - Odd parity as defined by this document.

3.2.1.3.2.3 Com=mnd Data _ord

IO- following information:

The command data word shall contain the

Bits

15-
i-3 Data SyuC - Three-bit nouvalid Manchester code for a command data syuc

as defined by this specificatiou.

20-

4-8

9-24

FHDH Address - Five-bit code that identifies the FHDH that shall

respond to a given command. .Addresses shall be assigned from I to 31.

Address zero shall not be assigned as an .r_,m_Iaddress.

Daua - Contains the data to be transferred from the GPC to the

subsystem.

25- 25-2T

28

FS_M Pattern Code - FHDM pattern code for message validity test.

Parit_ Odd parity as defined by =his document.

3.2.1.3.2.4 Resoonse Data Word

3o- following information:

The response data word shall contain the

Bits

Data Syuc - Three-bit nonvalid l#_nchester code for a respocse data

sync as defined by this specification.

4-8 F_M Address - Five-blt code that identifies the F_DM responding to

the command word.

4o- 9-24

25

45-

Data - Contains the requested subsystem or BITE data.

S-Bit Power Transient Indicatiou - The S-blt shall be set to "0" on

the first response data word transmitted by the F_c_H following a

power-down/power-up sequence which normalized _ registers. The

+  'PSRR¥
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5-

10-

15-

20-

25-

50--

26

27

28

S-bit shall be reset to "i" by the first word of the next _ata

message, if the first wood transmitted followi=g a power _ransient is

BITE status, the "S" indication shall not be given in _he SEV field of

the response da_a word.

Bit I shall be se_ in each BITE status =egls_er followi=g the

occurrence of a power-down/power-up sequence which normalized _M

outputs. The indlca_iou shall remain in the BITE status register

until reset following GPC BITE s_atus request o= by GPC commanded

master reset°'.

E-BIT Subsys=em Serial Channel Error Fla_ - l'he E-bi= shall be se= to

"i" on =espouse da=a words for which a handoff error has bee_ detected

when transferred _o the FMDM over a subsystem serial charnel. The

E-:oit shall Indicate any serial channel haudoff error which the FMDM

is mechanized to detect (such as parity, invalid Manchester bit count,

no response, or missing word). The _dDM shall =e_uru at least one

da_aiword wi_h the E-bit set to "I" following a no-response or data

word dropout. The FMDM shall indicate E-bic errors only within _he

message for which an error was de_ected. Errors indicated with _he

E-blt shall noc be indicated in the BITE status register.

V-BIT Data Validity - The V-Sic shall be used =o indicate FMDM

failures which cause =he data i= the current transmission to be

suspect. The V-bit shall be set _o "0" on data words for which an

internal FMDM failure (that may affec= current data validity> occurred

during processing of that data. The V-hi= shall be rese= _o "i" by

_he first word of =he next data message. Failures _hat do =or affect

validity of data transmi=ted on the data bus shall be indicated in the

BITE register, but shall uo_ cause the V-blc _o be se_ _o "0". Errors

de_ec_ed in commands and daEa received on _he data bus by _he _

shall be indicated in _he s_a_us register, but shall not cause the

V-Si_ to be set to "0" on any subsequen_ response data words.

°

Par¢_ 7 - Odd pari_.y as defined by this specification.

45-
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10-

3.2.1.3.2.5 Messa_;e Intervals
9 and 10.

The message intervals shall conform to Figures

3.2.1.3.2.6 Failure of YMDM to Access I/O Interface Modules If for any

reason the ._MDM is unable to transfer received data from the subsystem _/0

modules, Bit & of the B_TE status register shall be set and the validity bit

(Bit 27) of the response data word shall be set invalid, on a word-by-word

basis.

15-

3.2.1.4 Serial Dizital I/O Channel The characteristics of serlal-dlgital

input/output channels between _L'MDM and the vehicle subsystem shall be

half-duplex, Y_nchester IS bl-phase, at a l--megabit rate.

3.2.1.4.1 Channel Interface One serlal-digital I/O channel shall consist of

the following: (See Figure ii.)

20 -
• Data

• _#ord discrete output

25-

• Message-out discrete output

• Message-im discrete output

In Orbiter operation, some chanuels or message lines within a channel may not

be connected to an exhernal subsystem.

30-
3.2.1.4.2 Cable The cable used to transfer serial-digltal data and enable

signals shall be a two-conductor, t_is_ed, single-shield, Jacketed cable

equivalent to a twin-axlal cable having 71 ohms, plus or minus 10-percent

impedance, -_ith a dls_ributed capacitance no greater than 50 plcofarads per

3s- foot. There shall be one cable dedicated to the transmission of data words,

one cable dedicated to message-in enable, one cable dedicated to message-out

enable, and one cable dedicated to word discrete.

3.2.1.4.3 Input/Output Circuit Characteristics The message-ln discrete,

40-message-out discrete, word discrete (Figure 12) shall be differential

(double-ended) monotonically, changing discrete outputs. The output circui_

shall be capable of driving no less than 150 feet of cable (see Paragraph

3.2.1.&.2). The discrete output circuits shall be electrically referenced to

the FMD_ signal ground. Skew between signal outputs of the differential driver

4s- shall not exceed 50 nanoseconds. Plus or minus 32 volts applied through 3_0

ohms to any message or word discrete output line shall hOE cause _.dDM
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_ifunctiou or affec_ FHDM opera_iou, This overvoltage shall only appear on

one line at a _ime, -The electrical characteristics of discrete ouupu_ signals

5- shall be as fo_!ows:

Signal Parameter Characteristics

10-

IS-

20-

25-

30-

35-

Type •

Logic Level "one"

Logic Level "zero"

Output Impedance-
line-to-line o=

line-to-sround

Overshoot and Undershoo_

Load Impedance (L/L)

Cable less than 50 feet or

Cable less than 150 feeC

Load Impedance (L/G)

Else and Fall Times o

°

Differential output

Plus 3,0 _o 5,0 volts

Minus 3,0 _o minus 5,0 vol_s

50 ohms (maximum) oveE _he _requency
tense of 500 KHz to 3,5 mHz and 100

ohms maximum from dc _o 10 KHz

0,25 volts (maximu,-,)

75 ohms plus or minus I0 percent

in series wi_h 0,0033 _fd plus or

minus 10 percen_

90 ohms, plus or minus 5%,

in series with 0.01 .mf.dplus or

minus.lO percent

2000 ohms

The rise and gall time shall be

• between-10 and 200 nanoseconds from l0

percent (V2-V1) (See Figure 13) _o 3.0

volts after passin S through zero volts,

The rise and fall times between _0 and

90 percent of the voltage limits shall

be between 100 and 1000 nanoseconds,

All rise and fall times shall be

measured driving 75 ohms plus or _i=us

10 percent in parallel with 1000

picofarads plus or.minus _0%,

401

45-
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• 3.2.1.4.3.1 Data Output Circuit characteristics The data output is a

differential output voltage. The data output shall be transformer coupled.

The output circuit shall be capable of driving no less than 150 feet of cable

5_ (see Paragraph 3.2.1.4.2). Skew between signal outputs of the differential

driver shall not exceed 30 nanoseconds. The electrical characteristics of the

data output signals shall be as follows:

10-

15-

20-

Serial Data Signal Parameter

Positive pulse level (true)

Negative pulse level (false)
Rise time

Fall time

Source Impedance

Load Impedance

Transmitter voltage

baseline recovery

Characteristics

Plus 3 volts to plus 6 volts

Minus 3 volts to minus 6 volts

60 to 250 nanoseconds

60 to 250 nanoseconds

83 ohms maximum

75 ehms plus or minus I0 percent

Remain within 75 millivolts of

zero volts differential from 5

microseconds after parityuntil

next word sync pattern

Serial Data output voltages shall be peak llne to llne as measured at the

output of the circuit on the signal leads.

25- Processing of data shall be inhibited foliowing reception of parity bit until

the word discrete goes FALSE and then goes TRUE.
• .

NOTE: The rise and fall time shall be measured between I0 and 90 percent of

the voltage limits driving a resistive load of 75 ohms plus or minus 10

3o- percent.

3.2.1.4.4 Input Circuit Noise Rejection The data receiver shall detect data

and clock signals specified herein that have a slgnal-to-nois_ ratio of plus
16.5 dB with a probable bit error of less than one/part in i0 prior to the

3s- data validation checks. The signal-Go-nolse ratio shall be determined with 2.0

volt peak, llne-to-line signals in message form, as specified herein, and white

Gaussian noise distributed over the band of I000 Hz to 5.0 MHz. The input

circuit shall reject all noise at all frequencies up to plus or minus 6 volts

peak, line-to-llne, below I000 Hz, and between 5.0 MHz and 30MEz.
40--

45--

3.2.1.4.5 Input Circuit Common Mode Rejection Signals from dc to 2.0 MHz

with amplitudes up to plus or minus i0 volts peak, llne to ground applied to

both input circuit terminals shall not cause the data receivers to operate.
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3.2.1.4.6 Receiver Input Sensitlvity The data receiver shall respond with an

input signal amplitude from plus or minus 8.0 volts peak line-to-llne, down to

a threshold level of plus or minus 1.0 volts peak, line to line. The receiver

s- shall not respond to input signals of 0.0 to plus or minus 0.25 volts peak,

llne to llne. The receiver shall operate'as specified in Paragraph

3.2.1.4.4 with input signal level of plus Or minus 8.0 volts peak,

line to llne, down to plus or minus 1.5 volts peak plus or minus I0 percent,

llne to line as measured at the input to the receiver.

10-

3.2.1.4.7 Data and Sync Decodln R The receiver shall properly decode data and

sync transitions for a combination of received pulse-to-pulse Jitter and

pulse-wldth distortion of plus or minus 50 nanoseconds maximum.

Is- 3.2.1.4.8 Power Output The transmitter shall be'capable of driving the cable

specified in Paragraph 3.2.1.4.2 whe_ terminated by 71 ohms _ IO percent.

3.2.1.4.9 Output Waveform Distortion Any distortion of the waveform of the

output circuit, including overshoot andringing, shall not exceed +250, -150
20- millivolts peak, line to line;

3.2.1.4.10 Data Transmitter Output Nois_ When an output channel is selected

(channel dlscretes true), and the FMDM transmitter is not transmitting, the

llne-to-line noise on all channels shall be less tha 50 millivolts

25- peak-to-peak. When the FMDM Is transmitting, the line-to-line noise on unused

channels shall be less than plus or minus 300 millivolts peak.

3.2.1.4.11 Transmission Method

30- 3.2.1.4.12- pulse Code Modulation (PCM) Data and synchronization information

shall be transmitted using pulse code modulation (PCM).

3.2.1.4.13 Data Code The data code shall be Manchester II (Bi_-L) as defined

in MIL-STD-442. A logic "I" shall be transmitted as a bipolar coded signal

35- (i.e., a positive pulse followed by a negative pulse). (See Figure 14.)

3.2.1.4.14 Data Rate The data bit rate shall be l-megablt per second, plus
or minus 0. I percent average.

40- 3.2.1.4.15 Clock The clock shall be generated by the transmitting device and

used in the fabrication of the Manchester II code format. When receiving data,
the FMDM shall derive the clock from the Manchester II code format as received.

45--
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3.2.1.4.16 Inaut/OuCput Impedance The FL_H shali provide a 71 ohm _ I0

percent input impedance for each serial digital I/O da_a signal line measured

a_ _he F_DM signal in_ecface connections.

3.2.1.4.17 Message Each message shall conslsc of one or more serial words up

to a maximum of 32 words. Each word shall be preceded by a data word sync.

Io- 3.2.1.4.18 Data Word S vuc The da_a word syuc shall be a nonva!id .Re=chester

coda, as shown in Figure 15. The negative and positive going pulses _ha_ fo_m

a da_a word sync shall each be 1.5 microseconds, plus or minus 3 percent wide,

respectively. A Manchester IZ/IO code immediately following _he da_a word syuc

wlll increase the apparent width of the affected pulse by 0.5 mic=osecond 91us15-
or minus l0 percent.

2o-

3.2.1.4.19 Word Size

I parity bic.

3.2. I. 4.20 Word Format

below:

The word size shall be 16 bits, plus 3 bins sync, p!us

The word forma_ (bi_ definition) shall be as shown

25-

3 16 1
,,',

Syn¢ Da_a Parl:y

Serial Channel Word Format

" 30- 3.2. 1.4.21 Serial Channel Ooeration The serial channel shall be .designed for

a bidirectional da_a _ransfer between the _IDH and subsys=em.

3s-

3.2.1.4.22 Dace Transfer to Subsystem Serial dace transmission _o subsystems

shall be under _H con=rol. Opera:ion of da_a =ransfer shall be as follows:

• Transmission of da_a words (16 bits of data plus sync and parity)

shall be Ini_ia_ed when the message-out discrete and word discrete

are switched =o a logic "I" sta_e, and shall be ended when Chase

signals are swltched :o a logic "0" sta=e.

• The mime phasing of the message-ou= discrete, word discrete, and

da_e word shall be as shown in Figure 12.

45-
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_en a multlple-vord message is transmitted to a subsystem (32-word maximum),

the word discrete shall be toggled between each output word. The message-out

discrete shall remain in the logic"1" state during the entire multi-_ord

message. The end of a message shall be indicated by the transition of the

message-out discrete from a logic "I" state to a logic "0" state.

Serial data transmission from

operation of data transfer shall be as

• Transmission of data words (16 bits of data plus syuc and parity)

shall be initiated when the message in discrete and the word

discrete are switched to a logic "_" state, and shall be ended when

these signals are switched to a logic "0" state.

• The time phasing of the me_sage in discrete, word dls_rete, and data

word shall be as shown in Figure 12_

"Nhen a multiple-vord message is transmitned from a subsystem (32-word m_im_m),

the word discrete shall be toggled between each input word. The message in

discrete shall remain in the logic "i" state d_ring the entire multiple word

message. The end of a message shall be indicated by the transition of the

message in discrete from a logic "1" state to a logic "0" state. The subsystem

will interpret each serial message request as a request to start with the first

serial word.

"e /_ the FMDM detects an error on a serial word, the appropriate error .......

bit shall be set as defined in Paragraph 3.2.1.4.24 and the word

shall be forwarded co the _xternal device requesting the serial

message.

3.2.1.4.24 Data Validation Logic shali be provided in the receiver to

recogize the foll?wlng: (1) improperly coded signal, s received from the

transmitter, (2) data dropouts in the received si_na!s. Each received word

:shall conform to the following minimum validation criteria:

• The bit orientation in the received wavefocm reflects a valid

Manchester 11 code (i.e., checks shall be made to determine that

only I0 or Ol pattern occurs, and that only the proper uumber of

receiver threshold transltious occur within each bit time). It is

in_ended that this detection of Manchester II waveform anomalies

shall provide a high degree of protection against untested message

errors due to burst-type noise.

3.2.[.4.23 Data Transfer from Subsystem

I0- subsystems shall be under _DH control.

follows:

25--

30--

35-

4,5-
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30--

35-_

• The word has exactly 16 bits, plus sync; plus parity.

• • Parity bit verification
5-

o

When a word fails to conform to the preceding criteria (i.e., parity, invalld

Manchester bit count, no response, or missing words), the word shall be

considered invalid. For all cases of error, Bit 26 of the response data word

,0. shall.be set to a loglc "i" state.

3 2 1 5 Interface Protection

!3.2.1.5.1 Input Circuitr 7 No signal receiver (analog, discrete, or digital)

154 shall be damaged when any input is shorted to signal, power, or chassis ground,

or when its input lines are tied common. No signal receiver (analog, discrete,

or digital) shall be damaged when plus or minus 32 volts dc with references to

power, chassis or signal ground is applied for an indefinite period of time.

During the above conditions all other FMDM I/0 signals and FMDM operation

characteristics shall not be degraded from the requirements specified herein.

A specific exception to this paragraph is called out in Paragraph 3.2.1.4.3.

3.2.1.5.2 Output Circuitry No output circuitry (analog, discrete, or

digital) shall be ddmaged when any output Is Shorted to signal, power, or

25- chassis ground, or when its output lines are tied common. No signaI output

circuitry (analog, discrete, or digital) shall be damaged when plus or minus 32

vol6s dc is applled for an indefinite period to any outputs with re_erence to

power, chassis or signal ground. During the above conditions all other FMDM

I/O signals and FMDM operation characteristics shall not be degraded from the

requirements specified herein. A specific exceptlon applies to Paragraph

3.2.1.4.1.2.1.3 in that no output protection is required for the applicatlon of

-32 volts dc or for a short to 28 volts dc power ground. As a design goal, the

failure resulting from the shorting to ground or overvoltage application shall

be limited to that output, and shall not prppagate to other outputs or
channels.

40-H

45--

No signal output shall provide more than 150 percent of its rated voltage. As

a design goal, a fail-safe feature shall be provided for all outputs to fail in
a logic "0" output voltage state.

3.2.1.5.3 Input/Output Function Isolation The FMDM shall be designed with an

input/output isolation capability so that a failure of one I/0 function has no

adverse effect on the operation of any.other I/0 functions_

3.2.1.6 Subsystem I/O Modules I/O mbdules shall provide the interface

betwee_ the FMDM and the vehicle subsystems. The modules shall plug into the

FLIGHT SYSTEMS
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FMDH =o provide any combination of Z/O configurations available from a standard

Z/O module library. The _{DMshall provide 16 connector slots for these

s- modules that can use all of one type or any combination. Each of the Z/O

modules shall interface wi_h redundant interface sequence control units. This

interface shall be accomplished via dual redundant channels. The F_DM !/0

modules shall not contain any mechanically adjustable electrical components.

The exchange of one I/O module type for any other Z/O module type in any or all

_o- of the I/O module locations shall not require changes to or =he =eplacemen_ of

any ocher MDM circu/ts.

3.2.1.6.1. Addressabillt T The F_DM design shall provide for _he addressin E of

any I/O module or I[0 channel at the rate of once per each data bus word time.

Is- No restrictions on addressin 8 sequence shall be made.

The address channel (9 bits), as defined by this specification, shall consist

of two fields: (a) module address, 4 bit; and (b) module channel address, 5

bits.

3.2.1.6.2 DC Inou=_ Differential or $1n_le-Ended Module The dc Inpu=

differential module shall receive dc analog signals than have full-scale values

of plus zero to plus 5.11 vol=s or minus 5.12.volts. These inputs shall be

from =he vehicle subsystems, and shall consist or 32 selectable charnels. The25-
module shall provide signal termlna=ion, inpu= signal selection, noise

suppression or filtering, over-vol=age protection, signal isolation, and

multiplexing of conditioned signals onto _ redundan= analog bus for signal

=ransfer to the analog-to-digital module. Electrical charac=eristic

30- requirements are specified in Paragraph 3. I. 2.4. i. I. 2. I. The output signals
from this module shall be =ransferred via the PAM llne to the A/D module.

3.2.1.6.3 Discrete Input (5-Folt) Module The discrete inpu= (5-volt) module

shall receive binary signals. These inputs shall be from the vehicle

3s- subsystems, and shall consist of =hree selectable groups of 16 discretes each.

A group of 16 dlscre=es shall be defined as one channel as ,specified by the

five-bin channel address field in the command word (i.e., module U, channel 0,

assuming =ha= module n is a discrete inpu= module and channel O specified the

firs= 16 discretes of =hat module). The module shall provide signal

40- termination circuits, signal conditionln_, input signal selec=ion, noise

suppTession or filterlng, over-voltage protection, signal isolation, and

interfacing circuitry compatible with the sampling of 16-bit data for transfer

=o the SCU module. Electrical characterls=ic requirements are described in

Paragraph 3. I. 2. 4. I. I. i. I. I.

45-
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3.2.1.6.4 Discrete Imput _28-Volt) Module The discreCe !=put (28-volt)

module shall receive discre=e binary signals. These inputs shall be from =he

s- subsys=ems, and shall consist of three selectable groups of 16 dlscretas each.

A group of 16 discretes shall be defined as one channel as specified by the

five-blt channel address field in the command word (i.e., module n, channel 0,

assuming the module n is a discrete input module and channel 0 specified the

first 16 41scretes of that module). The module shall provide single-ended

t0- termination circuits, signal conditioning, input signal selection, noise

suppressloq or filterlnE, overvoltage protection, signal isolation, and

interfacing circuitry c0mpatible with the transfer of 16-blt parallel dana from

the module for transmission on=o =he serial da_a bus. Twenty-elght vdc ground

shall be used for the signal return. Electrical characteristic requirements
15-

are described in Paragraph 3.1.2.&.i.I. 1.2.1.

3.2.1.6.5 Discrete Output (5-Volt) Module The discrete output (5-volt)

• module shall transmit discre=e binary signals. These outputs shall be from =he

IFMDH to the subsystems, and shall consist or three seleccable groups of 16

20-discretes each. K group of 16 discretes shall be defined as one channel as

specified by the five-bit channel address field in the command word (i.e.,

module n, channel 0, assuming _hat module n is a discrete Inpu= module and

channel 0 specifies _he first 16 discretes of than module). A discrete group

binary configuration shall be controlled by the address instruction, and the

2s-module shall have set/reset registers for maintaining this comfiguratlon until "

changed by a new command. The set/reset registers shall be such tha_ any or

all of _he _6 bits of _he selected output group (channel) can be changed by :he

corresponding bit of the command data word. Bits _o be changed shall be

30- represented by a logic "I" of _he command da_a word, and shall cause the

corresponding bit of the set/reset register to set to logic "i" if a sen

command is indicated by a logic "l" in bit position 18 of the command word

(reference Figure 7). A logic "0" in the bi_ position 18 of the command word

shall represen= a reset command, and shall cause the corresponding bi_ of

35- set/reset register to reset a logic "0"; other bits of the set/rese_ register

shall not be affected. Discrete outpu= drivers shall be single-ended.

Electrical characteristics requirements are described in Paragraph

3.1.2.4. I. 2. h I. I.

4o- 3.2.1.6.6 Discrete Output (28-Volt) Module The discrete output (28-vol=)
module shall transmit discre=e binary signals. These outpu=s shall be from the

FMDM to the subsystems, and shall couslst of three selectable groups of i6

discretes each. K group of 16 dlscretes shall be defined as one channel as

specified by the five-blt channel address field of the command word (i.e.,

45- module n, channel O, assuming that module n is a discrete input module channel

and 0 specifies the first 16 discre_es of t_a= module). A dlscrece group

III.IGWr SYSTE_J
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binary configuration shall 5e con=rolled by the address instruction, and the

module shall have se_/reset registers for maintaining _his configuration until

s" changed by a new command. The se_/_eset registers shall be such _hat any or

all of _he 16 bi_s of _he selected output group (channel) can be changed by the

correspondin E bit of the command wo_d. Bi_s _o be changed shall be represented

by a logic "I" of the co_mand word, and shall cause =he corresponding bit of

the set/reset register _o set to logic "I" if a set command is indicated by a

1o- logic "I" lu bit position 18 of the command word (reference Figure 7). A logic

"0" in bit position 18 of the command word shall represent a reset command, and

shall Cause the corresponding bi_ of set/reset register to reset to logic "0";

other bits of _he set/reset registe_ shall not be affected. Discrete output

drivers shall be single-ended. The module shall provide ou_pu_ ground signal,

15- isolation uolse suppresslou, overvol_age limi_ circuits, and interfacing

circuits compatible with transfer of 16-bi_ parallel da_a. All signals shall

be referenced _o a Zg-volt power ground. Electrical characteristic

requirements are described in Paragraph 3.1.2.4.1.2.1. Z.i.

20-
3.2.1.6.7 DC Ou=ou_ _odule The DC Output Module shall transmit differentSal

dc analog signals in _he range _f plus 5.11 volts dc to minus 5.12 vol_s dr.

These outputs shall be from the FHDM =o _he vehicle subsystems, and shall

cqnslst of 16 selectable ou_pu= channels. The module shall receive a digital

25- data word and shall convert _his word co analog dc output in a 10-bit

dlgital-_o-analog conver_er per channel. Each dc output channel shall be

provided with a sample-and-hold timing and control circuitry to maintain =he dc

output accuracy _equlrements as defined by this document. Design o_ the module

shall be s_ch that no slngle channel failure shall disable or interfere with

30- any other channel. The module shall--prev_de dc output drivers, noise

suppression, overvoltage limiting circuitry, interfacing circuitry, and

interfacing circuits compatible with transfer of dana from the SCU. Outpu_

signals shall be maln_alned at=he selected levels without any requiremen_ for

periodic updating from an external device. Elec_rical characteristic

3s- requirements are described in Paragraph 3..2o4.1o2.2.1. Serial delays (from

command input to signal changes) within _he module shall no= e_ceed _.0

millisecond.

The E_3H design shall provide for a future requirement of 12-_it DAC.

3.2.1.6.8 Serial Di_i=al i/O Channel Module Each channel shall be a

half-duplex channel with electrical characteristics as defined by this

specification. The module shall co==ain four independent serial Z/O channels

and associated control circui=ry. The module shall provide encoding, decoding,

•5- =emporary data word buffering, parity code checking and generation on all words

transferred be=ween serial-digi=al _/O. The data =ransfer between _H and =he

II_Q|NtX. ,iraIII|_N A
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subsystemsshall be on the word-by-word basis, wi=h adequate buffering to match

the _ata transfer on the data bus. The data transfer operation shall be under

s- direct control of the transmitting/recelving FMD_. The module shall provide

Eecelving/drlvlng circuitry, noise suppression, signal coupling, channel

protection, and interfacing circuits compatible with transfer of data on the

internal dana buses.

10- 3.2.1.6.9 AnaloR-to-Digital Converter The A/D co=verier module shall

digitally encode all analog signals obtained from the =ondigital subsystem I/O

module. The A/D module shall operate as specified when plugged into either of

the two ana!og-to-digi=al module locations. Zt shall be controlled by the SCU

foe _he processing of analog signals. Encoder resolution shall be 10 bits,

Is-including sign. Encoder design shall provide for a maximum sampling time of

one bin per microsecond.

The module shall provide for transfer of encoded data on =he internal data bus.

20-
The sign bi_ shal_ be a logic "0" for input signal where the high input is

positive with respect to the low or signal return input, and logic "l'_if the

high input is negative with respect to the low or signal return input. The

slgnbit s_all be placed in Bit 9 of the response data word.
• e

The input signal shall be encoded in binary form and placed, in Bi_s I0 through

18 of _he response data word, most-significant bit first.

• The A/D shall ou_pu_a binary 2"s complement when the sign bin is logic "I".

3°-[The _4DM design shall provide:for a future requirement of a IZ-blt

analog-to-dlgital module.

3.2.1.6.10 Pulsed Output (28-Voi_) _Iodule The pulsed output module shall

35- transmit pulsed discrete signals to the subsystems and shall consist-of three

selec_able groups of 16 outputs each. A group of 16 outputs shall be defined

as one channel as specified by the five-blt channel address field of _he

command word (i.e., module n, channel 0, assuming tha_ module n is a pulsed

outpu_ module channel 0 specifies the first outputs of thau module). The

__ address _echnlque shall be such _hat any or all of _he 16 bits of the selected

output group (channel) can be conErolled by the command data word. Bits to be

pulsed shall be represented by a logic "I" in =he command data word, and shall

cause _he corresponding output bits to be set to _he positive pulse level for

20 milliseconds. Bits not represented by a logic "I" shall not be affected.

_5- Outpun drivers shall be slngle-ended. The module shall provide output ground

_|_ll, Air I_NA
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signal, isolation =olse suppression, overvoltage limit circuits, a.ud

in_erfacing circuits compatible with transfer of parallel data. All signals .

S- shall be referenced to a 28-volt power ground_ Electrical characteristic

requirements are described in Paragraph 3.1.2.4.1.2.1.3.1.

3.2.1.7 OperatinR Modes

Io- 3.2.1.7.1 Mode Control Upon receipt of the command word, the FMDM shall

decode the mode control field (Bits 10 to 13) and execute the follo_Ti= 8

operaEions: (Refer to Figure 7.)

IS-

0001 The FMDM shall read the contents of the EPROM at the address specified

by Bits 14 to 22 of the Co_mand Word (CW) and transfer the data to the

data bus.

2o-

0010 The FMDM shall read out the contents of the EPEOM at the address

specified by Bits 14 to 22 of the CW, decode the data, and execute the
instruction.

0011 SPAEE

25-

0100

0101

The FMDM shall execune the BITE i test rouCine (SCU).

The FMDM shall execute the B_TE 2 test rouclne (A/D).

0110

30- 011i

The FMDM shall execute the BITE 3 test routine (Power Supply).

The FMDM shall execute _he BITE 4 _es_ routine (IOM).

I000 The FMDM shall prepare to receive the nex= word/words from the da_a

bus as Command Da_a Words (CDW). (R_fer to Figure 8.)

3s- I001

1010

The FHDM shall be prepared to transfer subsystem received

da_a_in_erual register data to the data bus as response Data

Word/words (EDW). (Refer to Figure 8.)

The FMDM shall read ihe conten_s of the BITE status register and

transfer _he data to the data bus as a response da_a word. The BITE

status register shall reset itself after each interrogation, or master

reset.

45-

FUGHT S*(_TEMS
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10-
1011

If" the first word transmitted followin8 a power transient is BITE

status, the "5" indication shall not be given in the 5EV field of the

response data word. Failures that are still present or reoccur after

the BZTE registers have been reset shall be indicated asain in the

BITE status resistr.

The FMDM shall set all reEisters logic "0", all output signals to

loEic "0", all dc ana!o_ outputs to O-volts, and return to the idle

mode.

15-

1100 The FMDM shall return 14 bits of the received CW, startin B with Bit i&

and ending with Bit 27. Bits 14 to 27 of the received CW are to be :

inserted into Bits 9 to 22 of the RDW[ Bits 23 and 24 of the EDW shall

be loaded with "0"s.

20-

1101

1110

SPARE

The FMDM shall load the B_TE status register with the data portion of

the next CDW.

1111 SPARE

25-
3.2.1.7.2 Word Sequence Request The F_M shall have the ability to select up
to 512 PROM addresses. Each selected PROM address shall consist of a

pre-prog_ammed sequence of input operations for a _umber of FMDM I/O modules

and channel addresses.

3°-The instruction format of each sequence shall conform to the format of the

co,and word (see Figure 7). When an external device requests a specific

sequence, the SCU shall execute the requested sequence and then transition to

an idle mode.

35-
3.2.1.7.2.1 Sequence Memory The sequence memory shall utilize programmable

read-only memory technology. The capacity of the memory shall be 512 words of

16 bits per word. l'he sequence memory shall be implemented as a separate

plug-in module. The memory shall be programmable while mounted within the

40_ F_. All memory addresses shall be addressable and programmable via an F_M

external connector.

3.2.1.7.2.2 Word Format The word format shall be a direct subset of the

command word format. The information fields shall include mode, module

4s- address, channel address, and number of words. The word format mode field

shall include, as a minimum, the following:

III, I¢,MT S'f_TEMS
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• Prepare FMDH to receive command data

• Prepare FP_DH to transmit response data

10-

• Send the BITE status

• Reset _he B_TE status register

• IOH BITE

15-

3.2.1.8 Response Performance The _M shall be capable of transmitting the
first response data word on the data bus within 5 to 23 microseconds after

receipt of" the command word. Subsequent =espouse data words shall be

transmitted sequentially, with an interword gap time of 5.5 plus or =inus 0.5
microseconds.

20-
3. i. 2 Physical Characte=istlcs

characteristics.
The FMDM shall .have the following physical

3.2. 2.1 Envelooe The envelope of the F_LDM sha_l not exceed the dimensions

shown in Figure 2 or Figure 3 as applicable. Coun-ectors shall be on the front

2s- panel as indicated by _igure 2 or Figure 3.

30-

3.2.2.2 WeiR ht The weight of the FHDM shall depend upon the FMDM

configuration. The FMDM design shall reflect midimal weight. Weights for the

conflgurauions specified in AppendlxA, TBD.

3.2.2.3 CG and Moments of Inertia The center o_ gravity (cg) shall be
determined in three axes from a defined reference datum. The moments of

inertia shall be calculated about the cg for each FMDM configuration.

Reference Appendix A. "_

35-

3.2.2.& Volume The packaging of the FM_DM with all the cod_rol elements,

modules,, radiator_ optional cold pla_e surface and power supplies shall reflect

the envelope coustraints of Figures Z o= 3.

40- 3.2.2.5 Surface Wear T-terac_ing surfaces in the FM..D_fshall be sufficiently

smooch and wear resistant so tha_ particle genera=Ion will not preclude the

normal functioning of _he item as specified herein.

..i
3.2.2.6 Power Suupl.v Packa_inK The power supply shall be divided into

45-sectious, wi_h only the heavier core supply section secured to the =ear panel.
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3.2.3 Reliability

5- 3.2.3._ Failure Deterrent and Detection

following:

The design shall incorporate the

• Alternate or redundant means of performing a critical function shall

be physically separated by the maximum practical distance, or

otherwise protected so that all functional paths will not be lost

due to a single event.

15-

• The FMDM shall be designed so that transient out-of-tolerance

conditions or component failures will not cause other

component/subsystem failures.

20 -

• Redundant components susceptible to similar environmental failure

cases (such as shock, vibration, acceleration, or heat loads) shall

be physically oriented or separated to reduce the chance of multiple

failure from the same cause(s).

• Design shall provide for isolation of anomalies of identified

critical functions so that a faulty subsystem or Line Replacement

Unit (LEU) can be deactivated either automtically or by manual

selection wlthout.dLsrupting its own or other subsystems.

30-

35-

• Where similar connections are i= close physical proximity, the

design shall preclude the capability of cross-connection.

• Solid state switches and amplifiers shall be given preference over

electro-mechanical relays and other vlbratlon-sensitive

electrlcal/electronic parts. Scaled-type terminal blocks shall not

be used.

• When there is an indication that an event necessary to continuation

has failed to occur, the capability to determine status of

sub-events shall be provided.

• Threaded parts and fasteners shall be positively locked to prevent

loosening during service.

4s-

• Unidirectional components or piece parts shall be designed to

preclude backward installation by using non-symmetry of

configuration, different connecting sizes, or comparable means.
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. Bypass circuits used 5u checkou= or calibration procedures shall not

override electrical system protective devices.

• Redundancy shall be designed in accordance with ._0004-002 so that

the redundant paths may be verified ex_ernally to the componen_
closure.

10- 3.2.4 Maintainabilltv

IS-

20--

3.2.4.1 Design Allocations The design shall satisfy the following

maintainability allocations:

a. The FMDH shall have the ability, in conjunctlou with Ground

Support Equipment (GSE) if applicable, to isolate any discrepancy

to the malfunctiouin 8 LRU or onboard verification of LEU

functional performance after installation within 20 minutes.

b. Scheduled maintenance required for equipment shall be limited to

replacement of time/cycle sensitive equipment.

25.

c. The FMDM shall be designed to allow failed subassemblies to be

replaced in 0.5 hours or less after failure identification.

30-;

35--

40-_

de The _DM shall be designed to allow bench verification of the

electrical interfaces and nodule functions within 3.0 hours, using

suitable support equipment in the maintenance area.

e. The FMDM acceptance _est equipment shall have the ability to

perform functional acceptance and/or faul_ isolation testing on

_KDMs having any and all possible I/O module configurations with a

common test adapter and software package.

3.2.&.2 Design Features

maintainability features.

3.2.4.2.1 Maintenance

The design shall incorporate the following

a. The FMDM shall not require scheduled maintenance except as noted

in 3o2.4._(b).

45-

be The FXDM shall be designed to preclude the use of special tools

and equipment for site maintenance and repairs. Special tools, if

required and approved by the buyer, shall be designed to withstand

the In_ended use throughou_ the life of _he equipment.
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10-

lS-

20-

Ce FMDM shall be designed so that routine corrective maintenance can

be accomplished by the _eplacement of Shop Replaceable Units

(SRUs). The FMDM design shall be such that isolation I:o a single

malfunctioning SEn can be accomplished during bench maintenance.

The addition of test points to the system interface connectors or

the addi_iou of a system GSE test connector Zs permissible, with

buyer's approval, to provide this c'apabili_y.

d. SRUs shall be designed so chat maintenance actions not requiring

extensive refabricatiou, refurbishment, or overhaul can be

accomplishe_ at: the shop level of maintenance. C_rrective

maintenance of SRUs shall be accomplished by the replacement of

minor subassemblies :or piece parts. SRUs shall be designed to

preclude the loss or dropping of hardware which could cause

internal damage or affect the FMDM's serviceability or increase

maintenance tlme.

i
e. Scheduled maintenance of the FMDM when in its installed

conflguratlou, shall be limited to the maintenance and repair

areas.

25-

f. On-line testing (BITE) shall be the only test capability _o be

accomplished during flight.

g. No _n-vehicle adjustments or calibration shall be required.

h. Suitable warnings shall be provided on instruction plates or

service placards if hazardous conditions exist w_en maintenance is

performed.

35-

_m

45-

i. The F_DM design shall not require pre-installation acceptance

checkout prior to use.

J. The FMDM shall be designed so as to preclude the need _or on-line

support equipment.

3.2.4.2.2 Znstallatlou

a. The equipment design shall physically prevent _he incorrect

installa_ion of modules and sub-modules,

b. Components shall be mounted in a manner to avoid blind matings.
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5m

tO-

15-

20--

C.

de

ee

Mechanical reten¢ion devices for equipmenc/componenCs shall not

require safe_y wlrin_.

If am FHDH is mounted and secured by bolts where the component

mus_ be held in place until the bol_s are engaged, pi!o= keyhole

=oun_Ing or similar installation aid shall be provided.

Nhere practical, threaded fasteners used for securing a single

component shall be the same type, size, and tensile strength.

Assembly/subassembly Inscallatlou shall be designed so Chat

accessibility to threaded fasteners may be accomplished wlthouC

the use of universal Joints, angular extensions, handle

extensions, or combinations thereof, in conjunction with torque
_ools.

3.2.4.2.3 Accessibility

ae Electrical connectors shall be accessible without disassembly or

removal of funcUlonal equipment or components.

25-
be Servicing and test points shall be clearly marked, and shall be

accessible without requiring removal of access places or covers

except service caps.

30--

C. All fasteners on a single access cover shall be of the same

length, diameter, and type.

3.2. 4.2.4 Replacement Mounting provisions shall permit SRU removal and

replacement without disconnecting any equivalent level 5RU in the FMDM. If

£emoTal of an FMDM structural element is required for access, such removal

3s_ shall not affect electrical or mechanical alignment, nor shall the mechanical

strength of the unit be impaired to the polnc that bending of _he unit, i_s

assemblies, electrical harnesses, or plumbing attachmen=s will" occur during
norma_l bench handling of the unit.

_ 3.2.4.2.5 Handlin2

a. _andling provisions shall be provided on _dDMs in accordance with
MZL-STD-1472.

4s- b • All wiring harnesses shall be pcotected from handling damage. The

protective considerations shall not inhibit repair or replacement
of the wire harness.
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3.2.4.3 Self-Test Provisions

5_ 3.2.4.3.1 General Ee_ulrements The FHDM shall contain the necessary

built-in-test capability to detect and repor¢ failures which affect operatiom.

This built-in-test ability (in conjunction with the integrated avionics) shall

iprovlde the means for acco=plishin g functional path failure detection during

flight alon E with the necessary FMDM fault isola_iom to supporu ground

1o- turnaround Eequlremen_s. The build-in-test ability, when auEmented by

interfaced avionics, shall provide a 0.96 probabiliT/ of failure detection at

the LEU level, and shal_ not require damaging of connectors or connecting of

carry-on GSE.

15- 3.2.4.3.2 Self-Test Cavabilit 7

20-

3.2.4. 3.2. I Built-ln-Test Equiomen= (BITE) The BITE shall be implemented to

achieve a probability of 0.96 (excluding the MIA), or be_ter, for detecting

failures or out-of-tolerance conditioms of the FMIM modules, as defined in

ParaEraph 3.2.1.6. BZTE functions consist of (but are not llmi_ed ¢o) the

following:

a. On-line monitoring

b. • BITE rests

results of a. and b. are s_ored in _he BITE status =e_is_er.

30- 3.2.4.3.3 On-Line Monitorln_ Candidates for on-llme monitoring cousis_ of,
but are not limited to:

• Parlt 7 and cyclic code checking on ULiCrOprograms/control stores

35- • ParlEy Checkim g on PROM operations; internal data transfers

• Input/ou=pu= module control functions

40 m

• MonitorimE of MIA validity and faul_ limes and F_DM/_IIA power

supplies

_H monitor functions require no initiation (i.e., no instructions).

45-
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3.2.4.3.4 Bite Tests Implementation
control of GPC/PCM commands.

BITE tests shall be initiated under

S-

10-

Test routines may be stored in FMDM PROMs or in GPC/PCM main stores. Test

routines for FMDM timing, input tests, serial input/output wraparound may be

under control of PROM stored instructions. BITE test instructions are not to

cause any FMDM subsystem output signal to change state except for the serial
Input/output lines during BITE test.

15-

DC analog outputs and discrete outputs shall be tested under GPC/PCM control.

The FMDM shall provide for sampling these outputs without interfering with

their programmed output state. The sampled data shall be forwarded to the

GPC/PCM for comparison with the programmed output.

3.2.4.3.5 BITE Status Re_ister The BITE status register shall be used to

report FMDM monitored conditions and BITE results to the GPC. All monitored

fault conditions, except for power applled/interrupt, set the validity bit to a

2o- pre-determined state in a response word (Bit 27), indicating to the GPC/IOP

that the BITE status register should be interrogated. Power applied/interrupt

corresponds to Bit 25 of a response data word. The BITE status register is

reset after GPC/IOP interrogation or by a commanded FMDM master reset. When

the FPFDM receives a request for BITE status, the response data word Bit 25

25- shall be set to "i", Bit 26 shall be set to "0", and Bit 27 shall be set to
tlloff

30-

35-

The BITE status register bit assignment shall be as shown in Figure 16.

3.2.4.3.6 Test Circuitry Failure The test circuitry shall be fail-safe, and

shall not induce failures in other portions of the LRU or in another LRU.

3.2.5 Environments

3.2.5.1 Operational The FMDM shall be capable of meeting the operating

performance requirements specified herein during and after exposure to any

feasible combination of the following conditions:

a. Temperature (cold plate

coo i ing )

Minimum: Minus 65°F (Minus 54°C)

Maximum: Plus 160°F (Plus 71°C)

TemRerature (radiation

cooling)

Minimum: Minus 207°F (.Minus 133°C)

Maximum: Plus 159°F (Plus 70.5°C)

4s- As a design objective, the FMDM will operate as specified herein (in the

radiation cooling mode) when mounted to surfaces which have temperatures
ranging from +120°C to -155°C.
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Note: Worst-case low temperature ambient is defined by the average tail-to-sun

condition of Figure 4.6, page 4-16D of the Change 20, Volume XIV, Space

Shuttle System Payload Accommodations, JSC 07700. Worst-case high

temperature ambient is defined by the average top-to-sun conditions of

the same reference document. Temperature extremes specified for a

radiation cooled case above are for empty payload bay sidewall surfaces.

b. Pressure Minimum:

Maximum:

i0-II Torr (1.33 x 10-9 N/m 2)

18.0 psia (1.241 x 105 N/m 2)

c • Humidity. Minimum: 0 percent, relative

Maximum: I00 percent, relative

d. Salt Fog Exposure to one percent salt solution

by weight.

e. Lightning In accordance with MF0004-O02 for

indirect effects

f. Random Vibration

(i) Qualification -

Acceptance Vibration

20 - 80 Hz plus 3 dB/octave to 0.067

G2/Hz at 80 Hz

80 - 350 Hz at 0.067 g2/Hz

350 - 2000 Hz minus 3 dB/octave from

0.067 g2/Hz at 350 Hz

Duration: 5 times the du-ration of AVT (See 4.2.4.1.6_I)

(2) Flight

I0 - 40 Hz

40 - 75 Hz

.75 - 200 Hz

200 - 270 Hz

270 - 900 Hz

900 - 2000 Hz

Constant at 0.04 g2/Hz to 40 Hz

Increasing at 6 dB/octave to 75 Hz

Constant at 0.15 g2/Hz to 200 Hz

Decreasing at 6 dB/octave from 0.15

g2/Hz at 200 Hz

Constant at 0.09 g2iHz to 900 Hz

Decreasing at 9 dB]octave from 0.09

g2/Hz at 900 Hz

Duration: 48 minutes per axis
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$. Acceleration

5_

Plus and minus 5 g's In all =ajor axes

10-

h. Deleted

i. Explosive Atmosphere Explosion-proof design shall comply
with the requirements of HZL-STD-SI0,

Method 511, Procedure Z, wi_h butane
used for fuel.

20-

J. Solar Radia_ion (Thermal) T_npera_ure ext=emes for items exposed

. to space environments cannot be
catesorically defined. When determining

_hese extremes analytically, use _he
data below:

Environmental Parameter Desi2n "Value

Solar Radiation 443.7 Bcu/Ft2/hr

25-
Earth Albedo 30 percent

30-

Ear=h Radianion 77 BCu/Ft2/hr -
.

Space Sink Temperature 0° Rankine

3.2.5.2 Non-Operational The FHDH shall be capable of me, tin E the operating

performance requirements specified herein after exposure to the followln 8

conditions:

35"* a. Temperatures Minimum: Minus 65°F (Minus 54°C)
Maximum: Plus 250°F (Plus 121_C)

b. Pressure 1 x 10-11 Corr ( i;33 x 10-9

Nlm2)

30.0 psia (2.068 x 105 N/H 2)

c. Sand and Dust (L) As encountered in deser= and ocean

beach areas, equivalen= to 140-_esh

silica flour with particle velocity

up to 500 feet per minute and'a

particle density of 0.25 gra=e

per cubic foot.
e
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d. Shock

5m

(I) Bench Handling A_ specified in M!L-STD-810, _thod

516.1, Procedure V,

10-

(Z) _asic Design ZO g terminal saw_ooth shock pulse of
Ii ms duration in each of three

or_hogonal axes (bo_h directions).

15-

_o-

e. Ozone

f. runSus

(3) Crash Safe=y 40 g =erminal saw_ooth shock pulse of 11

ms dura=ion in each of three or=hogona!

axes (both direc=ious). Equipmen= and

its mounting attac_hments shall not break

loose, crea_e a hazard to personnel, or

preven_ egress from a crashed vehicle.

Operating performance is not required

after _his _es_.

3 to 6 par_s per hundred million (phm).

To_al oxidant concentrations may reach

60 phm for I to 3 hours in any 2A hour

period.

As specified in MC999-0096.

3.2.5.3 Transportation and Stora_9 ' The _t_ shall be protected from the

30- enviromnents specified in Paragraph 5.2.3 by adequate packa_inB or protective

processes unless vehicle flight requirements precludes the need.

3.2.6 Transoortabili=y The F_DM shall be designed to be capable of being

handled and transported to using facilities wi_hou_ damage or degradation,

35 _ using available methods of _ransport, wi=h the item prepared for shipmen_ in

accordance with Section 5 requirements. The equipment design shall be

compatible wi_h the planned packaging and _ransporta_ion system to the ex=ent

_hau loads induced in the equipmen_ during transportation will no_ produce

s=resses, in_ermal loads or deflec=ions that could result in damage to the

__ equipment.

3.2.6.1 Tiedown Capability The equipment design shall incorporate s_ructura!

provisions adequate to permit the hardware _o be secured to _he transport

vehiclet device or container by bol_ing, blocking, strapping, or other feasible

45-- means.
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3.2.6.2 Inte_ralProtective Capability The equipment design shall

incorporate one or more of the following provislo_ for protection of

components that are highl 7 vulnerable to damage during transport and associated

handling:

1o-

• Provide attach points for installation of temporary protective

device (covers, reinforcin 8 structure, desicant cartridge, air

breather/filter heater, etc).

15-

• Make provlsious for removal ofse_sltive components(s) for separate

shipment.

• Provide "built-in" protective device (e.8., cover, cagin 8 of

free-_ovlng components, _esicant chamber, heater, etc).

20-

3.3 Desi_u and Construction

3.3.1 Materialsf Processest and Par_s

25-

3.3.1.1 Materials and Processes Materials and processes for the _M shall

be in accordance with MC999-0096 to the extent specified in the requirements
table of the purchase order.

3.3.1.2 Parts Standardization Pacts utilization shall be based upon:

30-

•e Selection of qualified parts

• Proper deratln8 and application

$ Minimizing the number of part types

3S- Parts used in design and fabrication shall be selected from HF0004-_00 and
MFO004-400.

_m

3.3.1.3 Threads and Fasteners

_-F0004-002.

Shall be in accordance with t_0004-100 and

3.3.1.4 Material Comoatibilit 7 Materials and processes used in fabrication

of the F_DH shall be compatible with the envlroumental conditions specified

herein. The F_DM shall be Capable of operation without causing ignition of

that at=osphere. The F_DM shall be explosive-proof, and the surface

4S- temperature of internal components and the surface temperature of the case

shall not exceed 352°_.
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3.3.2 Selection of Specifications and Standards Specifications and standards
for use in the design and construction of the _M, other than those specified

.s_ herein, shall be selected in the order of precedence in accordance with

MIL-STD-I&3, except that the NASA documents, when suitable foe the purpose,

shall take precedence.

3.3.3 Electroma_uetic Comoatibility and Electrical Design
10--

3.3.3.1 Electromagnetic Compatibility (_C) The generation of
electromasnetic interference by the FHDH and the .susceptibility of the _DH to

such interference shall meet the requirements of H_0004-002 for Class LD

equipment. In addition, the FHDH shall be designed to meet speclficatiou
15- requirements when expose d to the Orbiter transmitter frequencies listed below:

20--

Exposure Level

FrequencT, Volts/Meter.

250-300 _ 4
2200-2300 MHz 8

.13-15 G_z 45

25-
3.3.3.2 Electrical Equipment Design The _Hs shall comply with the 8ene=al

electrical design, development, and test requirements applicable to the Orbiter

subsystems, equipment, and components in accordance with specification

M_0004-002, to the extent specified in the _rocurement package.

3o- A-3.3.2.1 Power Consumption Power dissipated by the F_DMwlth 28 v_

supplied shall be as defined below.

35-

le Maximum power shall be established under the followinE operational
criteria.

am 50 percent of input/output transfers are coutrolled by

sequence control memory and 50 percent are controlled by the
SOU.

_m b. 40-millisecond iteration time.

c. 33.5-m/crosecond word time.

45-

+ 5 ERRY
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5-

do 24 _ta bus words per iteration,

e. The number of words transferred by ZOH per rtera_ion are:

1o-

Is-

DCLN 13

DIS 3

DO5 3 (average load curren_ - 5mA)

DIZ8 3

DO28 3 (average load current = 7mA)

DCO 13 (average load current = 4mA)

$D 80 (10 words per channel, in and out)

POZ8 3 (average load current = 35 mA)

f; Output IOMs at 35 percent hish state.

20-

2o .Minimum power shall be wlth F_DM at idle and all input and output
s_ates low.

3. Power dissipation i= watts for the OFT Flight F_M units.

• a. Idle (all input and output .states low) - T3D wa_ts

25-
b. .Maximum (as per I_em I, above) - TBD watts

3.3.3.2.2 Metals and Me=el Cou oles_ Restriction on Use Metal Joints that

require electrical bonding shall be precise, dry, an6 conductLng.

3o' Nonconducting corrosion inhibitors may he added after Joint assembly.

Conducting metal Joints shall be required for electrical circuit fault-current

return, electrostatic corona prevention, and structural shielding from

llghtning-strlke induction and avionic interference.

35- 3.3.3.2.3 Electrical and Electronic Piece-Parts r Closure Construct!on

Electr_cal and electronic piece parts with all-welded closure construction

shall be used in preference to piece parts.with other types of closure

Construction. Other types of construction may be used if adequate program

controls are imposed to assure than internal contamination cannot cause part

_- degradation and failure under a zero-gravity environment.

3.3.AIden_iflcaclou and Markln_

3.3.4.1 Identification of Parrs Each fabricated part shall be ideacified

4s- wi_h a part number. The same specification or part number shall be used to

identify all like materials, processes, and parts. Seller shall assigu a new

FI.JGIII" $_JTEklS
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part number to the part when authorized changes make the superseded part not

interchangeable with respect to interface, reliability, safety, logistics,

s- traceability or performance. For traceable items, the part identification

shall additionally include the manufacturer's identification code in accordance

with DoD Handbook H 4-1, and be lot/numbered or serial numbered when required.

3.3.4.2 Identification of All Development/Quallflcation Test Specimens Test

10- specimens shall be permanently and obviously identified prior to testing with

the words ENG. TEST ONLY in addition to the identification required by the

drawlng/speclfication to preclude their use on production items. The letters

shall be indelible, and provide a distinctive and vivid contrast to the color

of the specimen. The lettering size and identification loca_ion shall be

is- clearly visible to casual observation. Materials used for the identiflca=ion

shall be compatible with the test specimen and its operating environment. When

the size or configuration of the test speclmen is such that the identification

cannot appear on the specimen, other suitable means, such as attached metal

tags, shall be used.

20-
3.3.4.3 Nameplates Nameplates shall be marked in accordance with

MIL-STD-130, and shall include (as applicable) Item name; Federal North

Atlantic Treaty Organization Stock Number (FSN/NATO); manufacturer; date of

manufacture; and manufacturer's serial number, part number, lot number, and

2s- code identification number. Abbreviations, in accordance with MIL-STD-12, may

be used.

3.3.5 Interchangeablllty @he FMDM and the items identified in 3.1.3 shall be

interchangeable in accordance with the definition of MIL-STD-280.

30- Interchangeability shall be a design feature for all removable

items/subassemblles/parts designated as LRUs or SRUs. When removable

items/subassemblles contain controls, wiring, etc, Interchangeabillty shall be

provided at the attachments of these items to their next assembly and for

structural attachments of the assembly.

35- s

3.3.5.1 Design Tolerances Provisions shall be made for design tolerances so

that items having the dimensions and characteristics permitted by the item

specification or drawing are interchangeable without selection or departure

from the specified equipment performance.
40-

3.3.5.2 Use of Standard Parts When standard parts (refer to 3.3.1.2) are not

available, and permission is granted for use of a non-standard part due to

unavailability of the standard part, the equlpment shall be designed so that

45-
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• 5-

10-

the non-standard part can be replaced by the standard part. Appropriate space,

mou_t_g holes, and other necessary previsions shall be provided for this

purpose.

3.3.6 Safet___.__.vThe design and operation of the F_DH shall comply wi_h the

following safety requirements:

a. Transient effects to the FS_M cannot introduce erroneaus signals

that are hazardous during critical operations.

b, The FMDM shall not generate electrical current or radio frequency

transients that could cause failure or malfunction of other

15- equipment unless the FMDH is properly shielded.

c. The physical form or shape, as designed and built, shall m/nlmize

sharp surfaces or protrusions which present a hazard to operations

20- personnel or to their personal clothing or equipment. When such

features are required for mission accomplishuent, then suitable

guards shall he provided for ground or flight-handling opera_ions.

3°3°7 Human Performance/En_ineerln_ The design shall consider the abilities

25- and llmit_tlons of _he human opera,or wherever a man-machine interface exits,

includln E torques, forcest and o_her functional design characteristics of

controls, displays, and work s_atious. The principal design guide for the

man-machine interface shall he MIL-STD-147Z. Handlin 8 provislonsshall be in

accordance wi_h 3.2.4.2.5.

35-

_q

45-
!
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_0-

15-

20-

25-

30-

:3S-

dllO_

45-

1"4. qUALITY AdStTIt_CE _0V_SZONS

.4.1 General Requiremen_s

4.1.1 General Veriflca=ion Guidelines and Criteria The seller shall use =he

followin 8 8enera_ requirements i= developin 8 a verifica=ion program.

a. Each performance and design requirements specified in Sections 3

and 5 of this specification shall be verified by =es=, assessment,

oE analysis in support of certification of the design for

operational use.

b. Verificatlon of maintalnabiity," accessibility, and ease of

operatiou shall be demonstrated.

d.

Early subsystem In=egret,on _i=h the soft--are shall be a key

test-_rosram goal.

As a general guideline, off-limi= testing will not b'e conducted.

However, off-limlt testing will be considered:

• When design margins are relatively small with respect to
off-nominal abort conditions.

• When uncertainty exists in the defini=ion of the design

criteria.

• When single-point failure modes exist.

Tes_ingof this nature must have prior approval of the buyer, and

must have considered preserva=ion of a= least one specimen of

cer_ifica=ion hardware for later testing.

e. Acceptance test procedures, e_uipment, and tesn levels shall be

verified during developmen_ tes=ing.

f. Certification shall be structured to verify the full range of the

design requirements under specified environments.

g. Wherever practical and technically sound, accelerated life-_es=

techniques shall be used.

h. Testing shall be conducted at the most cost-effective level of

assembly.
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i. All qualifica=ion test specimens shall be processed through

specified acceptance testing prior 1:o qualifica_.ion test.

J. Where redundancy in design _,eists, each redundancy shall be

verified through normal output sources designed for than purpose.

10-
ke When similar parameters have been verified during Orbi=e: _H or

$E3 MDM progrsms, the parameter may be verified for this item by

similarity that is supporued by analysis.

4.1.2 Tes= Couditiocs

15-
4. i. 2. I Standard Test Conditions Euvirommental standard test conditions for

tests requi:ed by this specification shall be an a_mospheric pressure of 28.5

plus 2 or minus 4.5 inches of mercury (HE), a temperature of 73 plus or minus

18F and a relative humidity of 50 plus or minus 30 percent.

20-
_. i. 2. I".1 ColdDlate or Forced Air Cooled Eculoment _nen operation of the

unit under test is required during environmental exposure, coolant in

accordance with specification requ/rements shall be supplied. During tests in

which the ambient tempe=ature is other _han standard room ambient, the coolant

25- temperature shall be at design extremes" and "in phase" with the test chamber

temperanu=e. .If the use of coolant will have no. effect upon test results for a

particular environment, the requirement to use cooling shall be at the
discretion of the seller.

Coldolate- 3o- 4. i. 2.1.2 Temperatures The average coldplate surface temperature

range for coldplate-cooled equipmen_ shall be as follows, unless otherwise

specified herein:

35-

NormL1. Acceptance Qualification

Test Range Thermal Test Thermal Test

Plus 55 F

to plus 80 F

Plus 35 F plusAQ

to plus 120 F plus A Q.

Plus 35 F plus .10.

to plus 120 F p!us AQ

_o- The average coldplate surface is defined as the surface area enclosed by the

perimeter of the test aruicle that interfaces with the coldplate.

: _.q is the thermal rise resulting from the heat dlssipa_ion of the test article,

and is determined as:

45-

_Q - 5 F X(average equipment heat dissipation) Watts

Sq. !n.
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10-

15-

• 20-

4. 1.2.2 Test Tolerances Test tolerances shall be used as specified in

MIL-STD-SI0, or FED-STD-10I as applicable, except as follows:

4.1.2.2.1 Random Vibration

accordance wi=h SP-T-O023.

Test toleranqes and procedures shall be i=

25-

Analo_ Vibration Spectral Density Analysis Criteria Analysis sample

time (T) shall equal or exceed 50/BW where BW is the effective

bandwidth of the filter used. For swept-fil_er analysis, analyzer

filter scan rate (SE) shall (I) not _ceed BW/T (Hz/second) when

averasinE is obtained usin 8 linear integration with an integration

time of T, or (2) be BW/4 RC when averaEin E is obtained by smoo_hing

with an equivalen_ resistance capacitance (KC) low-pass fil_er that

uses a time constant RC_ T/2.

4.1.2.2.2 Shock

(acceleration vs time)

4. L2.2.3 Acceleration

Peak amplIuude: Plus or minus i0 percent

Pulse duration: Plus or minus I0 percent

Specified acceleration: Plus lO percent

M.tuus 0 percen=

4. i.2.2.4 Ex=osure Time Duration specified for vibration or
acceleration environments:

30-

Plus _0 percent, minus 0 percent.

4.1.2.2.5 Measurin_ Instrumentation Allowable error Shall not _ceed

one-tenth of the tolerance specified for _he parameter _o be measured.

35-

4.1.3 Test Responsibilir 7 and Location The seller shall be responsible for

implementing the qualiEy assurance requirements specified herein. Excep_ as

otherwise noted, the seller may use his own facilities or any commercial

!abpratory acceptable _o the buyer.

4.2 Quality Conformance The following sections define the tests, analyses,

simulations, and assessments necessary to verify _hat _he requirements of

40- ISections 3 and 5 of this specification are met.

A. 2.1 Development The seller shall perform development encompassins

engineering evaluation of hardware, software, manufacturing processes, and

_echniques for _he purpose of acquiring engineerin E data; identifying sensitive

45-paTameters; evaluating the development configuration; providing the necessary

FL.IG_T SYSTEMS
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10-

15-

Iconfldence that the hardware will meet the specification requiremencs;'plus

assure that the manufacturing process will produce an acceptable producu.

Development objectives shall encompass the followin 8 as'a minimum:

a. Design and performance capability, including redundancy.

b. The ability co meet specified requirements with adequate design

margin.

Ce

de

e.20-

f.

30-

_nCeEraClon of each component and subsystem with other components

suSsystems, facilities, support equipment, etc.

Establishment of process, procedures, equipment, and Test levels

for manufacturing zccep_ance cestin_, maintenance, checkout, and

operational phases of the program.

Identification of significant failure mode and effects.

Determination of the effect of various combinations of tolerance

and drift of design parameters.

S. Determination of the effect of combinations and sequences of

euviro-mentS and varying stress levels.

h. Idenclf_cacion of safety hazards, parameters, requirements, and

procedures.

i. _ere similar activities were performed for Orbiter or SEB _'_DM,

such activities need not be repeated for chin item.

4.2. 1. I Operacin_ Lim/Cs on Temperature-Controlled Equipment For flight

3s- equipment whose operating temperature is normally controlled by heating or

cooling equipment, and whose temperature is monltoredin flight, the test

program and appropriate analyses shall define:

_m

a. The maximum and minimum temperatures expected in normal

operations.

be The maximum and minimum temperature at which equipmen_ may be

expected to fail to function until temperature is restored to

normal range.

ImQENIX. £111tZONa
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6.2.2 Acceptance Acceptance tests and inspection shall be performed on all

FMDMs to be employed in test programs and on all FM_D_ delivered to _he buyer.

s- The seller shall perform any other test deemed necessary, subject to approval

by the buyer. The final tests and inspections shall be performed in a manner

and under conditious which simulate end use to the highest degree.practlcable

without damage to the units. The degree, duration, and number of tests shall
be sufficient to verify the acceptability of the device for the intended use.

1o- Prior _o delivery, and as a condition of acceptance, the seller shall conduct

the inspection and tests shown in Table i on each F_DM.

Is-

TABLE I

ACCE_C_ _qU_--_TS

20-

25-

30-

NOTE:
35-

°

?.nspec._iouand Test

Exami_atlon of P_oduct

_asula_ion Resistance Test

Dielectric Strength Test

Acceptance Vibration Test

Acceptance .Thermal Test

PerfoTmance

Power Variation Test

Paragraphs Listed in
_eco_nnended Sequence

4.2.2.1

4.2.2.6

4.2.2.7

4.2.2.3

4.2.2.6,

4.2.2.2

4.2.2.8

Functional/continulty teens of 4.2.2.2 shall be conducted on each

equipment before, during, and after -_he acceptance vibration _eus

and acceptance thermal test. _en complete functional

verification with euvi=ouments cannot be accomplished during the

acceptance test because of limited _est time, the most critical

functions shall be tested and all other functional circuits

monitored.

FI._INTSYSTEMS
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4.2.2.1 Examination of Product Each FMDM shall be carefully examined to

determine conformance to the requirements of this specification. Particular

54 attention shall be given to weight, workmanship, finish, dimensions,

construction, cleanliness, identlflcatiou, marking, traceability level, and

that certified materials and process have been used.

4.2.2.2 Functional and Performance Test Functional _n_ performance tests
I04 shall be conducted on all deliverable equipment to establish compliance with

the requirements of Section 3. Tolerance bands or pass-fail performance

criteria, based ou performance designrequlrements, shall be established for

each parameter.

IS_ 4._.2.2. I LRU Equlomeut Tests Each F_DM subm/tted for acceptance shall be

sub;erred to individual tests. These tests shall be adequate to determine

icompliance with the performance requirments specified herein.

;oH

._s-I

3o-I

3s-I

40-4

• ,

4.2.2.2.2 SRU Ecui_ment Tests All SRUs, whether delivered as a module or as

component parts, shall be reqired to pass comprehensive acceptance tests i_

accordance with the acceptance test specification prior to delivery, or, if

applicable, assembled as a part of the equipment.

4.2.2.2.3 Testing Below SRU Level Subassemblies, components, piece parts,

and. other items below the SRU level that are deliverable items shall be

required to pass the seller's production tests normally required for such

items. Such testing shall ensure form fit and function interchangeabillty with

like items assembled into the equipment.

4.2.2_3 Acceptance Vibration Test The FMDM shall be subjected to random

vibration on each of three orthogoual axes in accordance with the spectral

density envelope specified below. The vibration duration shall be adequate _o

perform selected functional performance tests, bu_ shall not be less than 30

seconds or greater than 5 m/ztutes per axis. Should forests be required in any

axis, the total accumulative vibration test time shall not exceed the qualified

time for AVT in that axis (reference 4.2.4.1.6.1) without prior buyer approval.

Tolerances, procedures, and test criteria for vibration shall be in accordance

wi_h SP-T-0023.

i

IIINOGNIg. ARIZONA
i
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80 to 350Hz

350 to 2000 Hz
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4.2.2.4 Acceptance Thermal Tes= (ATT) The _DM shall be thermal cycled from

70 F, =o plus 145 F to minus 45 F, _o plus 145 F, and =o 70 F wC=h con=Inui=y

St monitored throughout. The rate of change shall not exceed 240 F per hour, aor

be less than 60 F per hour. Dwell at each limit temperature shall be a minimum

of the time required to stabilize the device temperature plus the time required

to conduct the performance tests; however, the time shall not be less than i

hour. The performance test at each high-temperature extreme shall include

10-operation at the maximum heat dissipating mode in accordance with 3.3.3.2. i for

a duration consistent with the design capablity and sufficient to obtain test

data. During the low-temperature extremes, the performance test shall include

operatiou at a minimm= power consumption for a duration sufficient to verify

acceptable performance. The tolerances and criteria of SP-T-O023 shall apply.

Is-Coldplate temperatures shall be in accordance with Paragraph 4. I. 2. I. 2.

20-

4.2.2.5 Insulation Resistance Test

accordance with HI0004-002.

Insulation resistance test shall be i=

4.2.2.6 Dielectric Strength Dielectric strength test shall be in accordance

with M20004-002 with the exception that the test shall he conducted at 500

volts.

2s-
4.2.2.7 Power Variation and Usage Tests Tests shall be conducted to

determine if the equipment performs satisfactorily under power input conditions

specified in 3.1.2.1.

4.2.3 Assessment Verification by assessment methods shall be used to verify

3o_design features. These methods employ the orderly review and evaluation of

design documentation or visual inspection _echniques (e.g., mock-up forms, fit

checks, maintainability access, tolerances, safety wiring and placards).

3s-

4.2.3.1 Maintainability Compliance with the _aintainability requirements of

3.2.4 which cannot be verified by analysis shall be verified by assessment of

engineerin_ data.

4.2.3.2 Materials and Processes Couformance of the FMIM with materials a=d

processes in accordance with 3.3.1.1 which cannot be verified by test or

__ analysis shall be verified by assessment of design drawings and process

specifications.

45-

4.2.2.3 Parts Standardization Conformance of the FMDM with standard parts in

iaccordance with 3.3.1.2 shall be verified by assessment of design drawings.
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LTR 4.2- 3- 4 Selection of Specification ant Standards Verification that selection

-- of specifications and standards are in accordance with 3.3.2 shall be verified

by assessment of design drawings and specifications.

5-

4.2.3.5 Electrical Design Requirements Verification that the FMDM conforms

to the electrical design requirements of 3.3.3.2 which cannot be verified by

analysis-or test shall be verified by assessment of design drawings.

,o7

4.2.3.6 Interchangeabillty Verification that the FMDM design conforms to the

interchangeability requirements of" 3.3.6 shall be verified by aseessment of

design documentation.

4.2.3.7 Design Tolerances Verification that the FMDM conforms to the design

tolerances required in 3.3.6.1 shall be verified by assessment of the design
documentation •

15--

4.2.3.8 Use of Standard Stems Verification that standard items will be used

in the FMDM when available in accordance with 3.3.6.2 shall be verified by

assessment of design drawings.
°

20- 4.3.3.9 Human Performance/Human En_ineerlnK Verification that the FMDM

conforms to t_e human performance/human engineering requirements of 3.3.7 shall

ibe verified by assessment of the design drawings.

4.2.3.10 Reliability Verification of the applicablereliability _ailure

25- deterrent and detection requirements of 3.2.3.1 which cannot be verified by

test or analysis shall be verified by assessment.

30-

4.2.4 Certification The seller shall certify the requirements of Sections 3

and 5 by the methods specified below.

4.2.4.1 qualificatio n Tests Qualification testing performed to satisfy the

requirements specified in the performance and design verification matrix (Table

liE) shall be in conformance with the requirements of this paragraph.

Qualiflcation test specimens shall be subjected to the tests specified in Table
35- II in the sequence shown. Where the specified environment for this item is

equal or less severe than that required for the Orbiter or SRB MDM and design

differences do not exist; this item shall be qualified by similarity.

40-

45-
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TABLE IZ

REQUL_ED TESTS

Tes=

Acceptance Test (cef)

Paragraph

4.4.2

Power Test

EMC

Salt Fog

Humidity

• Thermal Cycle

Vibration

Acceleration

Thermal Vacuum

Life

4.2.4.1.10

4.2.4.1.12

4.2.4.1.4

4.2.4.1.3

4.2.4.1.14

4.2.4.1.6

4.2.4.1.7

4.2.4.1.13

4.2.4.1.14

Explosive/Corrosive A_nosphere

Lightning

Shock

4.2.4.1.9

4.2.4.1.11

4.2.4.1.8

4.2._.i. 1 Test Hardware Qualification test hardware shall be of _he same

conflgura_ion as flight hardware.

4.2. 4. 1.2 Performance Reaulremen_s The _MDM shall be subjected to complete

performance tests before and after each environment _est, and _o selected

func_ioual and performance tes_s during each envlroamen_al exposure. Where

complete performance verification cannot be accomplished during the

environmental _xposure because of llmi_ed _est time, _he =os_ critical

functions shall have priority. Tolerance bands or pass-fail performance

cri_erla, based on performance design requlremen_s, shall be established for

each parameter. Par=_'eter shifts during or after each environment shall not

exceed _he absolute value of the allowable difference between _he acceptance

k ,_mx...,=.. !
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and qualification test limi:s for each parameter. Susceptibility of the F_DM

_o the Orbiter _ransmit_er frequencies specified in Paragraph 3.3.3.1 shall be

by test.
s-

14.2.4.1.3 5umidi_ 7 Test The FMDM shall be subjected to a humidi_y tes: in

accordance wi_h _IL-$TD-810, Method 507, Procedure ;V, e_cept performance :es=s

shall be conduc:ed during the second and four=h cycles.
i

To- 4.2.4.1.4 Salt Fo_ The F_DH shall be subjected =o a salt-fog tes_ in

!accordance wlth MI.L-STD-810, Method 509, Procedure L

i 4.2o 4. i•5 Random Vibra_iou

Is- 4.2.4.1.5, I quallfication-Accep=ance Vibre=ion Tes= _Q-AVT) "The F_._M shall

ibe subjected :o =he random vibra=iou specified in 3.2.5. L£(_) for the duration

spec_fled, _n each of three orthogoual axes. Vibration tolerances, criteria,

!and =es_ procedures shall be in accordance with SP-T-O023. Performance

veriflca_ion _ests shall be Identical co =hose conducted during ACT (reference20 -
4;2.2.3).

4.2.4.1.5.2 Fli_h_ Vlbra=ion The _H shall be subjected to the random

vlbration specified in 3.2.5.1f(2), for _he duration specifie_, in each of

2s- _hree orthogonal axes. Vibration tolerances, criteria, and _es_ procedures

shall be i_ accordance with SP-T-0023. Performance tests shall be in

accordance with 4.2.&.i.2.

14.2.4,1.6 Acceleration The FMDM shall be subjected to the acceleration

3o- specified in 3.2.5.1g for a mlnimum of 5 mlnutes in each dlrection along each

iof the _hree orthogonal axes. If an 7 axls(es) is (are) considered slgnlfican:,

wlth respect :o acceleration effects, i_ (_hey) shall be cousidered when

es_ab!ishing =he or_hogoual axis system.

i

1

!

4.2.4.1;7 Shock

a_

be

Bench Handlin_ The F_DM shallbe subjected =o bench handling

shock as specified in MlL-$TD-810, Me=hod 516.1, Procedure V.

Landin_ The F_DM shall be subjected to the landing shock

specified in 3. Z. 5.1h(1).

Ce Design The F_DM shall be subjected to design shock as specified

in 3.2.5.2h(2) in accordance wi_h MIL-STD-810, _thod 516. i,

Procedure I.

__ _*._T S_JTEmS
II_OENIX. AmZON&

S200-G42 (S-76l CONTINUOUS

SUPPt.aMENT$

SECURITY NOTATION

77
PAGE



ENGINEERING
SPECIFICATION

REV
LTR

5-

SECURITY NOTATION SPEC
NO.

FSCM 07187 .qSV LT_
i

Crash Safety The _H or =he chassis of the :_'MD_Iwith a dum_y

load simulating the mass and distribution of the remainim_

elements of the FMDM shall be attached by its normal mountin_

attachments and subjected to sawtooth shock, as specified in

H!L-STD-810, Method 516. i, Procedure I!!. Crash safety may be

verified by analysis.

4.2.4.1,8 Explosive Atmosphere The FMDH shall be subjected to an explosive

environmental test in accordance wi_h M!L-SI'D-810, Method 51I, Procedure I,

with butane as the fuel. If it can be shown that the _M does not. contain any

arcin 8 or sparkin E devices, analysis may be used for explosive a_mosphere

certification. An analysis shall be made to determine that the surface

temperature o_ all inteinlal components exposed to the a_mosphere, and the

equipment case, will not exceed 352 ° F during opera,ions.

IS- 4.2.4.1.9 Power Tests Tests shall be performed to assure that the D_H meets

performance requirements of Section 3.2.1 and the power consumption

requirements of 3.3.3.2.1 with inpu_ power meeting the requirements of 3.1.2.1,

includin_ both normal and emerEency transient conditions, as well as

i3_Ldy-state maximum and minimum limits.

4.2.4.1.!0 Limhtnin_ Test

_0004-002.

Lightning tests shall 5e im accordance with

25-
4.2.4._.Ii ElectromaRnecic Comoa_ibility Tests LMC tests which cannot be

verified by analysis shall be verified by the minimum susceptibility and

omission test developed in accordance with M_0004-002.

30_

4.2.4.1.12 Thermal-Vacuum Tests The FMDM shall be _posed to a vacuum of

10--6 tort. The cold plate temperature shall be sequentially cycled between

30 ° and 125 ° F for a total of five and one-half cycles.

The temperature rate of chan_e per hour between extremes shall not exceed 240 °

F or be less than 60 ° F. The time duration at each _emperacure extreme shall

be sufficient to achieve thermal stabilization plus the time required to35-
conduct a performance test, but shall not be less than _ hour. The performazce

test at each high-temperature extreme shall include operation at the maximum

heat dissipatin 8 mode in accordance with maximum power consumption for the

device for a duration consistent wi_h the design capability and sufficient _o

40_ obtain test data. Durlng the low-_emperature extremes, the performance test

shall include operation at minimum power consumption for a duration sufficient

to verify acceptable performance. Performance tests may start when a pressure

of 10-5 tort is reached. All circuits shall be monitored durln 8 transition

between temperature'extremes.

45-
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&.2.4. 1.13 Ooeratln_ Life Test On/off cycles and operating time accumulated

on a single specimen during other qualification tests may be applied toward

s- these requirements.

1o-

a.

b.

Cyclic: The F_DM shall be operated for 1000 on/off cycles.

Powered: The FMDM shaIl be operated for 750 hours. The remaining

operating hours of Paragraph 3.2.1.1.1 shall be satisfied by

analysis.

4.2.4.1.14 Package qualification Tests Certification of package performance

shall be accomplished by analysis whenever possible. _hen certification cannot

tS- be accomplished by analysis, a buyer-approval simuiated dummy load shall be

installed in its package and both subjected to the applicable FED-STD-L01 test

to verify conformance to 5.2.3. Development assigned hardware may be used for

testing in lleu of a dummy load.

20-
4.2.4.1.15 Thermal Cycle Test l_e F_M shall be mounted on a coldplate to

simulate usage conditlons and subjected to five cycles of the following

temperatures.

25- a.' Air Temperature: Plus 165 ° F

Coldplate Temperature: Refer to Paragraph 4.1.2.1.2

b. Air Temperature: ._Linus 65 ° F

Coldplate Temperature: Refer to Paragraph 4.1.2.1.2

30-
The temperature rate of change between e.%tremes shall not exceed 240 ° F nor be

less than 60 ° F. The time duration at each extreme shall be sufficient to

achieve thermal stabilization plus _he time required to conduct a performance

test, but shall not be less than L hour. The performance test at each

3s-high-temperature e._treme shall include operation at the maximum heat-

dissipating mode in accordance with maximum power consumption for the-device

for a duratiou consistent with the design capability and sufficient to obtain

test data. During the low-temperature extremes, the perfo_-mance test shall

include operation at minimum power consumption for a duration sufficient _o

_o- verify acceptable performance. All circuits shall be monitored during

transition between temperature extremes.

45-
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5-

10-

15-

20-

2S-

30-

35-

_0 _

45-

4.2.4.2 Certification by Analysis l_e following requirements shall be

verified by analysis excep_ where analysis is by similarity.

4.2.4.2.1 Stora_e/Servlce Life Compliance with storage/operational life

requirements of Section 3 shall be verified by analysis of the applicable

doc,--entation and test data.

4.2.4.2.2 Reliabilit Z Compliance with the reliability requirements of 3.2.3

shall be verified by analysis and evaluation of design drawings and test data,

as applicable.

4.2.4.2.3 5_intainabilltv Compliance with the maintaisabili=y requirements

of 3.2.4 which cannot be.verified by assessment shall be verified by analysis

of the engineering data.

4.2.4.2.4 Ozone Compliance winh theozone requirements under 3.2.5 shall be

verified by analysis of design drawings and _est data.

4.2.4.2.5 Funsus Compliance with the fungus requirements under 3.2.5 shall

be verified by analysis of design drawinss and test data.

4.2.4.2.6 Materials and Processes Compliance with the materials and

processes requirements of 3.3.1.1 which cannot be verified by assessment or

_est shall be verified by analysis, of design drawings and material aes_ data.

4.2.4.2.7 Electroma_netic Compatibilir[ Compliance with the EqC requirements

of 3.3.3.1 which cannot be verified by Uesu shall be verified by analysis_and

design drawings and _est data.

4.2.4.2.8 Electrical Design Eequire=ents Compliance with the electrical

design requirements under 3.3.3.2 whlch cannot be verified by test or asess=enu

shall be verified by analysis of design drawings and engineering data,

4.2.4.2_9 Safe__.___._ Compliance with _he safety requiremenus of 3.3.7 shall be

verified by analysis and evaluation of design drawings and test data, as

applicable.

4.2,4.2.10 Corrosive Atmosphere All equipment shall be certified for

corrosive fluid compatibility when required in accordance with 3.3.1.4. All

sensitive ma_erlal that will be exp0sed _6 a corrosive fluid shall 5e certified

for compatibility by analysis based on materlal test data.

• _4OENdX.ARIZONA
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4.2.4. Z. II Transient Shock Compliance _rlch the transient shock requlre=ent

of 3.2.5.1h(2) shall be.verified by test or analysis,

4.2. 4.2.12 Certification by Other Test Data Test data generated from

articles previously certified may be used as a certification method when it can

be shown that _he article is similar or identical to the aruicle bein 8

certified. Features to be considered shall include desisu, performance,

10- environmental duration and limits, manufacturin E process, and quali_y control.

Special effort shall be made to avoid duplication of previous tests from this

or similar programs. Where certification by testing is required, data from

other than qualificaiton tests ma 3 be used co satisfy the requirements under

the followin_ conditions:
15-

Predeclaration The inten_ to use the test for certification

is declared prior to test conduct.

:0- Configuration Production configuration or approval (where

allowed) for differences.

Facilities

25- Inspection

Test requirement/procedure/.

pass-fail criteria

[

3o_Acceptance, functional test

pre-, post- and duri=8

environment

Certified.

Required.

Formally approve by buyer.

Required

Required (_xcept for nonoperatin 8

tests such as packa_ins).

Documentation

35-

Configuration description, failure

reports and test results.

4.2.4.2.13 Mature Hardware (0ff-che-Shelf)

45-

ae

b.

Evaluate and document equipment capability utilizing a comparison

matrix which includes considerations such as configuration,

performance and environment versus specified requirements.

_dhere the environmental levels are more stringen£ than previous

qualification levels, analyze or test to verify that the item can

withstand the higher level deslgn requirements.

F%IGM7 SYSTEMS

IlttO|NIX, ARIZONI&

S2OO-Oa2 (S-76| CONTINUOUS

SECURITY NOTATION

81

SUPPLEMENTS PAGE



ENGINEERING
SPECIFICATION

_Ev
LTR

SECURITY NOTATION SPEC
NO.

FSC._ 07187 _ev _..T_

C*

5-

_0, 4.2.4. L 14

15-

For items _hat require minor modifications or have =or been

qualified to all environmen=s, onl 7 the design modifications for

the additional envlronmeuts need to be certified, if cumulative

and interaction effects do not exist. Lf cumulative and

interaction effects do exisC, complete qualifica:ion casein E is

required.

Sand and Dust Compliance wlththe requirements of Paragraph

3.2.5.2c shall be verified by analysis of design drawings and _es¢ data.

4.2.5 Verification Reauirements Matrices reference approved seller's

verlfica_ion plan.

5. PEEPAP_TION FOR DELIVERY

5. I General Reculrements The requirements specified herein govern _he

preparation for shipment and _he cransport o£ _he FMDM _o all buyer and
20-

Government facilities. Th_ method of preservation, packaging and pac._i=g

utilized for shipment together with necessary special control durin_

_ransportation shall adequately protect the F_.DH from damage or degradation of

performance due to _he natural and induced environments encountered during

25- transportation and subsequen_ s_orage as specified herein.

30-

5.2 Detailed Requirements Packaging, handling, and transportation shall be

in accordance wi_h applicable require.ments and guidelines of _36000. I(A) as

supplemented by _he following subparagraphs.

5.2.1 Preservation and PackaBin_ Preservation and packagln8 shall be in

accordance wi_h the requlremen:s of Level A of MIL-STD-794.

35-

5.2.2 Packing Packing shall be in accordance with the requirements o£ Level
B of M!L-STD-794.

5.2.3 Design Reauiremen_ _Struc=ura!_ Preservation, packaging, and packing

shall be designed _o withstand the _ough handling, package requirements of

MIL-STD-794 as defined in FED-STD-101, (without damage or degradation _o _he

_- useful life or performance of the contained item, and wlthou_ damage _o the

4s-
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p=eserva_ion, packaging, and packi=_ vhich would affec_ their uuili:y) in

accordance with the following:

IqEV LTR

5m
a. Rough Eandlin_

FED--_I'D-IOI Method

10-

15-

5007 Procedure B Free-Fall Flat

(Level A)

5007 Procedure E Free-Fal! Corner Drop

(Level A)

5016 Supe=:[mposed Load (with Dunnage)

(Level A)

50t9 Vib=a_Ion (repetitive Shock)

5030 Sinusoidal Vibration

be Pressure

25- Ce

(1) Transpor_atiou:

(2) Storage:

Temperature

Air 3.28 to 15.23 psla

Ground 9.76 to 15.23 psia
%

12.4 =o 15.23 psia

30--

(I) Transpo=_a_ion: Air =ini=un; _Linus 65° F

_aximum; plus _50 ° F for

plus Lgo ° F for
L hour

35-

4_a

Ground minimum; minus 40° F

maximum; plus 150 ° F for
6 hours

plus 190 ° F for
i ho_r

45--
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10-

(2) Suorage Uncontrolled m/nimum; =inus 23 ° F

maximum; plus 150 ° F

Controlled nominal; plus 60 ° co

plus 80 ° F

*minimum; plus 25 ° F

*maximum; plus 115 ° F

*Duration 4 hours maximum.

is-.

d. Humidi_v Air

Ground

0 _o 100 percen: relative

8 _o 100 percen_ relative

5.2.4 Reusable Con_alners _here analysis in accordance with NHB6000.1(A)

indicates a =equiremen_ for reusable conEainers, m_ximum practical u_ilizatlon

shall be made of s_andard off-the-shelf, low-cost me_al or plastic containers.

20-5°2.5 Moni_orln_ Devices MIL-I_26860 humidity indicators shall be insca!led

in _he contalner wall or flexible barrier wall of all Merhod IS (desication)

packages for any device _ha_ is humidity sensitive°

25- U_illzatlon of additional Ins_rum'entation for mouitprlng Or recording o_her in

uransiu environments (e.g., shock,.vibrauion, uemperauure, euc) shall be

approvea by _he buyer prior _o implement&_ion.

5.2.6 Te_orarilv Ins_alled Hardware Iden_!ficauion All Uemporarily

30- ins_alled devices such as caps , plugs, covers, support brackeury, procecclve

pla_es, euc, shall be cerise red in coloT or have attached cerise red colored

streamers Uo ensure _hau Uhey are easily identified under casual observation.

Reusable prouec_ive devices shall be labeled REUSABLE ITE_ - DO _OT DESTROY -

EETA_ FO_ t_..TSE.

:Is-
5.2.7 Pre-Produc_ion Pac_gin_ qual_flcaUion Tests Testing Uo verify the

functional capabiliuy Of _he pac'Zage or cranspo_c meChods/equipmenU shall be

accomplished as required by Section 4 of Uhis specificauion.

4o- 5.2.8 ._larkin_ for Shipmen_ In_erior and exuerlor conuainers shall be =arked

and labeled in accordance with MIL-STD-129, including precautionary _arki_gs

necessary _o ensure safety of personnel and faciliUies uo ensure safe handling,

--- _ranspor_, and s_ocage.

45-
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10-

Packages wi_h reuse capability shall be identified wi_h _he words ._EUSABLE

CONTA_NL_ - DO NOT DESTEOY -KZTI%IN FOE KEUSE. NASA Critical I_em Labels (Form

1368 series) shall be applied in accordance wi_h NKB6000. (iA). Iden_ifica=iou

information on interior and exterior conCalners shall be in Che following
format and shall include:

B_KC0_0LN%TH3_

STEM, NAME

FSN/NAT0 STOCK _3EE

15_ ,w__JUFACTU_EE'S TYPE OR PAKT NUM3EE

QUANTITY IN PACKAGE

AGE CONTKOL MAEK/_NG

20-

CLEA_NL_G MA._<L_G

SEEL%L NUM3LR

(WKEN APPL !C._BLE)

I'RACEA3 ILITY ID ENTI/!CAT!ON

NOT APPLICABLE

2s- HANUFACTUEL_

30--

35-

BUYER 2UECHASE 0KDEE _iBEK

DATE_0F PACKAGING

LEVELS OF PACKAGING AND PACKING

MANUFACTUREr'S PACKAGE PAET NUH3EE (NOT REO.UIKED ,FOR OFF-THE-SHELF CONTA!NEES)

_m

45-
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6. _'[OTES

S- 6.1 Definitions

• 10-

15-

6.1.1 Acceotance Tests Inspections and tests co determine that a part,

component, subsystem or system is capable of meeting design and performance

requirements specified herein.

6.1.2 Assessment A verification method e=ployinE inspection and review of

Idesign techniques to verify design features not covered by verificatioD test

•and analysis such as finishes, tolerances, bonding, identification and

traceability, safety wiring, warning and service labels, Bill of Materials,
etC,

20-

• 2s-

30--

6.1.3 Certiflcation Certification consists of qualification testing, Major

Ground Tesu, and o_her tests and analyses required to determine thac the design

hardware from the comp0nen_ throuEh the subsystem level meets requirements.

a. qualification Test Those tesus conducted as part of _he

certlfica_ion program to demonstrate _hat design requirements can

be realized under specified conditions.

be Certificatio n by Analysis Certification by analysis allows the
use of appropriate engineerlng a_=lyses, inclu_in_ sL=ula_ion, to

provide fulfillment of certification objectives, cer_Ificatlou
analyses will normaily be conducted due to one or both of the

following factors.

(l) The inability to simulate specified condltlons in an

effective ground tes_.

35- (2) Qualification testing would not be practlcal.

40-

Analysis may be used where it can be shown that the article is

similar or identical in design, manufacturin_ processes, and

quali_y control to another article tha_ has been previously

certified to equivalen_ or more stringent criteria.

6.1.4 Develoomenc Tests Those tests performed wi_h minimum rigors and
controls to verify a design approach.

45-
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10-

6.1.5 Fall Safe The ability to sustain a failure and retain safe operational

capability (successfully terminate the mission).

20-

25-

6.1.6 Failure The inability of a system, subsystem, componen¢, or part to

perform its required function within specified limits, under specified

conditions for a specified duration.

6.1.7 Line Replaceable Unit (LEU) A combination of components, unlts, parts,

assemblies, subassemblies, etc, that are contained in one package, or are so

arranged that together .the comb!nation is common to one mounting and, in

addition, provides a complete function(s) to the larger entity within which it

operates. •.

6.1.8 Shop Relaceabl e Unit (SRU) An SRU is an integral subassembly of an LKU

consisting of units and parts, or a combination of parts so arxanged that

together the combination is common to one mounting and, in addition, provides a

complete function(s) to the larger entity within which it operates.

6.1. P Scheduled _aincenance The ac_io_ performed in au atiempc ¢o retain an

item in a specified condition by providing systematic Inspection, detec6ion,

and servicing for the prevention of incipient failure.

6.1.10 0peratin_ Cycles The cumulative number of times an item completes a

sequence of activation and recuru to its initial state; e.g., a

swltched-on/swltched-off sequence, a valve-opened/valve-closed sequence," a tank

pressurlzed/depressurized, or dewar cryogenic exposure/drain..

30-

6.1.11 0pe_atln_ Life The specified operating time/cycles which an item can

accrue before replacement or refurbishment without risk of degradation of

performance beyond acceptable llmi_s.

35- 6.1.12 Shelf Life That period of time durln E which an item can remain -_n

storage without having its operability affected, Preven=ive maintenance,

servicing, and replacement of age-sensitive material parts shall be permitted

in a scheduled basis during the storage period.

6.1.13 Useful Life The item's to_al llfe span, including operating llfe and

storage with normal preventive maintenance, servicing, repair and replacement

of parts before i_em is considered unacceptable for further usage. This life

span may be equal _o (throw-away), or greater than (repair, refurbishable) the

value specified for "operational life."
4s-
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6. I. 14 Verifica_iou The process oE pLatming and i=plemen_ing a program chac

deCermlnes thac the item meets all design, performance, and safety

5- requirements. The verification process includes certification, davdlopmeat

testlng, acceptance testing, assessment, flight demoustratioa, preflight

checkout, and analysis aecessa=7 to support the total verification plan.

6.1.15 Tort The Tort is defined as 1/760 of a standard atmosphere of

10- 1,013,250--_0 dynes per square centimeter. This is equivalent to defining the

Tort as 1333.2Z =icrobars, and differs by only one part in seven million from

the Interuatlonal Standard m/l!imeter of mercury.

6.1.16 Sheltered & warehouse type facility, enclosed, and providing

Is- protection against enviromnental conditions.

8.1.17 Unsheltered An open area and unprotected against environmental

conditions.

20-

25-*

30-

6.1.18 Built-In-Test Defined as additloual circuitry implemented in the

basic design of an LEU or syste_ for the purpose of failure detection and/or

reporting operational and/or health status of the FHDH. Built-in-test is

defSnedto include: Built-lg-Test Equipment (B_TE), Self-Test and Test Points.

ae Built-ln-Test Equipment (.BITE) That circuitry provided to

perform continuous monitoring of specific parameters, groups of

parameters or functions of the F_DM to provide a Go/No-Go

indication. This type of built-ln-test capability represents

implementation techniques that are autonomous in nature and which

provide continuous real-time monitoring but do not interTupt

normal operation of the F_DH.

3s-

be Self-Test That circuitry concained in the FHDM which provides

the means to simulate operation of- an F_DH for the.purpose of

functioualverlfication. This type of built-ln-_est capability is

aonautonomous in nature in that it may require an external

initiation and does int6rrupt the normal operation of the F_D_.

_q C° Test Points The measurements of F_DM parameters provided at the

electrical interface of the _M co enable dete_inatioa of _he

relative health or operational status of the individual unit.
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5_

de Unau_mented Test Defined as ates= that does not require the use

of the computer in a mode other than the _ot'mal operational

mission of _he data recaption/co¢mand generation.

10-

e. Probabilit 7 of Failure Calculation An 7 acceptable way =o

calculate the probabili=y of failure detection for an FHDM is:

(1) Failure Rate of Undetected Item Parts Total failure rate

of items that affec_ F_DM ability to meet CE! _erfornance

requirements.

15-
For this calcula=ion one can assume the inpu= data to the F_DM is

correct and the outpu= faults are due only =o the sending _H.

20-

6.1.19 Dummy Load For =he purpose of shock tests, a dummy load is a

idupllca_e of the shape, size, riEidlty, mounting methods, weight, mass

distribution and center of gravi=y of the _ualifica=iou Unit. There is no

requiremen¢ =hat i= be a functioning device.

6.1.20 Failure Criteria Variations of operational and performance

characterls=ics ou=side of the 1/mlts permi==ed by =he detail equipment

25- specification are reason to consider the equipment as having failed.

30-

m

Deterioration and materlal failure of any part or material which could in any

manner preven= the equip=en_ from meeting opera=ion, performance, and

reliability requlremen=s during service life shall provide reason to consider

the equipmen_ as having failed.

6°_o 21 H.Ini_um Coolin_ The minimum cooling required _o prevent the

tempera=ure of all cri=ical components wi=hin a given unit from exceedin_ safe

levels.

3S- 6.1.22 Module A removable plug-ln part of an equipment.

6.1.23 _qS Accuracy The _ error is defined as the square root of =he

second moment abou= zero of =he error probability densi=y function in the case

of a continuous varia=eo (For a normally distributed error fuuculon, wiCh zero

_- mean, the error will be within the EHS value approximately 68 percent of the

time. _MS values are one sigma if the mean is zero.) Statistical addition of

these errors, if required, shall be accomplished by taking the square too= of

the sum of the squares of the independent _S errors.

45-
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10-

15-

20-

25-

30--

35-

4S--

6.2 Abbreviations and Acrou.vms Abbreviatlous and acronyms used in this
specification are defined as follows:

A/D

ATT

AVT

Analog to digital

Acceptance thermal tests

Acceptance vibration tests

Built-ln-_est equipment

Biphase Zevel

CDW

CG
C_

DAC
DACBU

Command data word

Center of gravity
Co--nan_ word

Digital-to-analo_ converter
Data acqulsi_iou control and buffer unit

E

EPC
EPSOM

FMDH

Exempt from _raceabillt7

Error protection code

Erasable prosrammable read-only memory

Flexible mul_ipl_er/demultiplexer

GPC General purpose computer

_Z

I/o
T0P
IPE

JSC

Rer:z (cycles per second).

_pntlou_put
Input/Output Processor
Zce point reference

Johnson Space Canter

KgZ
KHz

Kilohm "

KiloHertz (kilocycles per second)

LEU

LSB
Line-replaceableunit

Least-significan¢ bit

MDH
MHz

MIA

MSB

Mul_iplexer/demul_iplexer
HegaItertz (megacycles per second)
_xltipl_ interface adapter
_ost-_ignifican_ bit

Jr.
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5m

• 10-

15-

PAM

PC

PCM

FROM

SCU

SD
SRU

TBD

TL -

TM

TS

_sec

vdc

Pulse ampZi=ude modulated
Pulse code
PuZse code modulation

ProgrammabZe read-only memory

.Eoo_ mean square

Sequence control uni_

Space Division

Shop-replaceableuni_

To be de_er=ined

To be supplied (by seZler)

Lot _raceabili_y
Member _raceabL_L_y

Serial _raceabili_y

_._c=oseconds

VoZ_s d£r_ct current

25--

30--

35-

4S-
°.
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_SV
LTR

m

5-

E N G i N E E R I N G SECURITY NOTATION $PEC .

SPECIFICATION NO.

_SCM 07187 REV LT_
i

. " .

__ .-,._]l _--,-jw_ ;-i A'v BOTH SLOES

! _ ,
: i_l +,

MOU_rnNG SHELF ', ] o /_.._

• _ _ / _=P_ " CONNECTORS ON FRONT

• _ _d_'_ "_ PANEL ONLY .

TiZ'u=e
Fle.xible Simplex Mult:iplexe_:/De=ult:iplexe_ .....

T_U Znst:alIat:J.ou on Cold Pl-at:e

1o-

15-

20-

2S--

30--

35-

4S-

FLIGHT SI_JT EldS

PqqOENIX. AIIIIZONA

S20(_04:2 (S*71S) CONTINUOUS

SECURITY" NOTATION

95
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ENGINEERING

SPECIFICATION

SECURITY NOTATION

_Ev
LTR

SPEC
' NO.

Fsc.,,_07187 _sv LT_
i |

5-

• °

10-

15-

20-

25-

TBD

_0-

4_m

45-

Figure 5

Fl_ble Simplex Mul=iplexe=/Demul=iplexer
LRU Installationwith Radiator and

Multilayer Insulation Blanket

ll't,l_|NIX, ARIZONA SECURITY NOTATION
i

SUPPLEMENTS

96
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ENGINEERING

SPECIFICATION

REV
LTR

"5-

10--

lS--

20--

25--

30--

35--

_m

45-

1
T

SECURITY NOTATION SPEC
NO. •

i

FSCM 07187

• _ NOTES: (UNLESS OTHERWISE SPECIFIED)

I X _ _VE.OL'r_,_os S,A,L
: u_u _/ ,,o_uoe.,oM,N.._0,,XI ; _ S..OWT.E,_,GE.W.EN_u.,, , .---'- I De,,,,.sto...O_S,ON,S..D

w.eNUSIN_THE,,,O,,TO,]

\\ ® AU.U_U_*S'rENE..A.OW,.E '

/ (_ FASTENER HARDWAREOBTAINASLE
-'_ _OM _loAm ,NO.FAS_NE_

DIVISION. TQRRANCE. C,AL

+:o"
• ! NUT, SELFLOCKING

,_ _ _ NUT, RETAINER

INTERNAL THREAD

®®
• MEl14-0025-XXXX "

NUT, RETAINER

717-_0-5

Figure 6
I3_U Fas=ener Ins=.allaEion

PL_f S/STIllS

_NI](. Allll ZONA SECURITY NOTATION

SUPPLEMENT'S

S200"042 (_711) CO.NI_NUOUS

,EV t.'r_
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ENGINEERING [

SPECIFICATION

SECURITY NOTATION _ __a=r

REV
LTR

J t w. _v

NO.

FSCM 07187

A

REV LTR

5 m

10-

15-

(4) MODULE
ADDRESS

SPARE 1(4) MODE

(5) MDM RCVR J CONTROL (5) CHANNEL (§] NUMBER OF
(3I SYNC ADDRESS I FIELD ADDRESS WORDS p

I,, ,++,o, .+,+,,,,oo,,,,o.1

(5) NUMBER OF
PROM WORDS

PROM STARTING ADDRESS TO EXECUTE

141 I I [ I I J 1222_1 I I

[PROMADDRESS(g)]

20-

25-

30-

35-

40--

BITS 10 11 12 13

0 0 0 0

0 0 0 1

0 0 1 0
0 0 1 1

0 1 0 0

0 1 0 1
0 1 1 0

0 1 1 1

1 0 0 0
1 0 0 1

1 0 1 0

1 0 1 1

1 1 0 0
1 1 0 1

1 1 1 0

1 1 1 1

0 0.

"1" = SET I CHANNEL"'0" = RESET J , SELECT

i,8,.ol.,,ot
CHANNEL ADDRESS

THIS CODING FOR DISCRETE"

OUTPUTS ONLY

OPERATION

SPARE

• RETURN THE WORD AT THE PROM ADDRESS

EXECUTE THE WORD AT THE PROM ADDRESS
"SPARE
CO_IMAND BITE TEST 1 (SCU)

COMMAND BITE TEST 2 (A/D)

COMMAND BITE TEST 3 (POWER SUPPLY)

COMMAND BITE TEST 4 (10M)

PREPARE FMDM.TO RECEIVE COMMAND DATA
PREPARE FMDM TO TRANSMIT RESPONSE DATA.

SEND THE BITE STATUS AND RESET THE BITE STATUS
REGISTER

MASTER RESET; ALL REGISTERS TO LOGIC "'0"; ALL
OUTPUT SIGNALS TO LOGIC "0"; DC ANALOG OUTPUTS
TO 0-VOLTS

RETURN THE RECEIVED COMMAND
SPARE

LOAD BITE STATUS REGISTER (RE: ON-LINE TEST OF BITE STATUS REGISTER)
SPARE

717-50-6-R 1

45-- Figure 7
Co_nand Word Format

FLIGHT SYSTEMS

PHOENIX. ARIZON& SECURITY NOTATION

SUPPLEMENTS

98
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__r

ENGINEERING

SPECIFICATION

!

SECURITY NOTATICN

REV
LTR

=m_m=.==

_EC
NO.

FSCM 07187

S_

10-

IS-

IS MDM RCVR

(3] SYN¢ ADDRI[SS (i111 DATA

DATA 8US PARITY

MOM 101 I
PAI"rl[RN CHECK

COMMAND DATA WORD FORMAT

25-

30-

35-

"1" ,, VAUD

"_" = PROBLEM; INTERROGATE BITE STATUS REGISTER

"0"" ,, NO ERROR ON SI[RIAL INPUT

"1" ,,= ERROR ON SERIAl. INPUT

"1" - NO POWER TRANSIENT
"Q" - POWER TRANS|F..NT; REINITIA'LJZE MOM

(Sl MOM XMTR

(3] SYNC ADORI[SS * " (111) DATA

t I''1 ! I [ I [ t [ I.I f I
RESPONSE DATA WORD FORMAT

DATA BUS PARITY

sl[vl

717-S0-7

Figure 8
Wor4 Format

4S-

Ft,,IGNT ST_TI[M$

l_4oEmx. AmZON&

5200-042 (S-7(i! CONTINUOUS

SECURITY NOTATION,

SUPPLEMENTS

99
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ENGINEERING

SPECIFICATION

SECURITY NOTATION SPEC
NO.

_scM 07187 REV I.TR

REV
L.TR

51

10-
S.$

.;.0.S
,.,SEC

,el--,,-

I
_-0.S

_SEC

f !
-t CDW I

I.... .... _1

717-504

15--

F£gure 9

GPC t:o _ Hessage Sequence

20-

.25 -

30--

35--

40m

,q,,,- 2S 81"l_J,---P

i

[ _-,,

I,fG_NO

CW - COMMAND WORD •
COW - COMMAND DATA WORD
ROW I RESPONSE DATA WORD

ii "ow I---'--_. Row

TO ±0.S
_.o ..sic _sec

-- --4 ROW I

,s-. F£gu=e 10

FHDM t:o GPC Message Sequence

Ft.IG141'S*CSTEMS

II_IO_NIX. ARIZDN&

S200,._I,_ (_*7S) CONTINUOUS

SECURITY NOTAT,ON

SU PPtEM EN TS

100
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ENGINEERING

SPECIFICATION

SECURITY NOTATION

REV
LTR

SPEC
NO.

;SCM 07187
J i

REV LTR

10-

lS-

20-

25-

=o-

!

i

IIMOM

DATA

WORD DISCRETE

MESSAGE IN 01SCRETE

MESS.RAGE OUT DISCRETE

VEHICLE I

SUBSYSTEM I
i,. I

717410-10

35-

Se=ial D£g£_

Figure II

Input/Output Channel Interface

_u

45-

II1qOENll{. ARIZONA

5200-042 ($-76| CONTINUOUS

SECURITY NOTATION

SUPPLEMENTS
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ENGINEERING

SPECIFICATION

REV
LTR

SECURITY NOTATION SPEC
NO.

m,

FSCM 07187
= | •

A

REV LTR

5J

20--

25-

30-

35-

=
2
=
LU

n-
U

a
Ud

<
(/)

LU

:E

> u_ uu
o :E

-H >
> o.

I -I

o
I-
>
o

H

_J_

I
u
uJ

o
I--

l
U.

m.

T_
• * ul_

g0

M,I

uJ 0
ee j

u_ u Lu
5 = =

n_
uJ =L U

o == _

4"1 o

l _i I,

I

+1
[ >

O

Jm

R

• >

MD _

> > • >
Q _ • O

_ >
O

H

=

"1,

I
u
M4

I
_ r-.-J "
ID

m> zo

<U
n-w I"O

_= _

u.u. r_ _

oo

uu
w w o Q

°=I ., l_

;._,

_2

=

_J

= •

• ,-i I:::

m

45-

FLIGHT SYSTEMS

PteO|NIX, ARIZONA

5200-042 (5-76) CONTINUOUS
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r I _i _ I I_I c" E" I% I I_1%,,_

SPECIFICATION

REV
LTR

_:i'_.lIRITV Nl"t"r,'lTlt'tM
.... ,, ...... v.....v.! I SPEC

I NO.FSCM07187

I

r
REV LTR

51

10-

15-

20-

25-

30--

100 TO 1000 NANOSECONDS

I i
I I
I ,_---I V2I÷3.0VTO ÷5.0V)

I
+3.or I--

I
-or -I-11 _

v.,,_:,.O'VT___, i -_ -- ;
I I ""

'r
10 TO 200 NANOSECONDS

10 TO 200 NANOSECONDS

I i
I I

I I
I 1

I I '
100 TO 1000 NANOSECONDS

35--

717-50-12-R1

40--

Figure13
Rise and Fall Times

45-

JL
FLIGHT SYSTEMS

PHOENIX. ARIZONA SECURITY NOTATION

SUPPLEMENTS

103
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ENGINEERING

SPECIFICATION

SECURITY NOTATION SPEC
NO.

FSCM 07187 REV LTR

10--

15"-

20--

25--

30--

35--

"1"

"0"

El-PHASE LEVEL (MANCHESTER II)

"I" REPRESENTEO BY 10)"'0" REPRESENTED 8Y 01 FOR DATA

"1" REPRESENTED By 100)"_' REPRESENTED BY FOR DATA

717-50.13

Figure 14

Dat:a Code

45-

=--'PER V
FL_T SYSTEMS

P'HQ_MIX, AIIII_N A SECURITY NOTATION

SUPPLEMENT3

_04

PAGE

5200-042 (5-7E) CONTINUOUS



ENGINEERING

,SPECIFICATION

Rev
LTR

mmmmmm

5--

10-

15-

25-

30-

35-

4_w

45-

If t,.JG,i4T SY4_T EklS

IIIq_IIN4X. ARIZONA

S200-Q42 (S-76| CONTINUOUS

SECURITY NOTATION
i m

SPEC
NO..

_scM 07187 REV LTR

-,- VOLTS

- VOLTS

• ,q-WORD SYNC-_

i :1:4.7'J%-.b 1.5 _SEC _,q--

,__3% /

DATA BIT

i

1
I ,
I

t t
I I
I I
L._J

1.5 _,._EC
=3%

717-50-14,

Figure 15

Data Word Sync, Nonval£d Manchester Code

SECURITY NOTATION

SUPPLEM ENT$

_05
PAGE



.ENGINEERING

SPECIFICATION

LTR

SECURITY NOTATION SPEC
NO.

_SCM07187 _EV LTn

5a

10-

iS-

:0-

25-

:30-

35-

dLO_

1

II
4

BITE STATUS REGISTER

2 3 4 S 6
i

.111!
7

I'l
,b

8 1

I
_* Jb-

10" 11

!1
12 13. 14 15 Ii

IlIIII
SITE SUBTEST FAIU=O

SUCCESSFUL BITE
COM P',.ETION

GAP TIME ERROR

• _ INTERNAl. ERROR DETECTED

I ILLEGAL MODE COMMANOED

SIMULTANEOUS EXECUTION ON PRIMARY
: ; AND BACKUP DATA BUS

i
" _ LAST COMMAND NOT COMPLLCTEO

L_T0O MANY WORDS IN I.A_T MESSAGE

UNASLE TO TRANSFER DATA TO/FROM SUBSYSTEM

OPERATION REQUEb%'ED ON A NON-EX!STENT CHANNEL

INCOMING DATA ERROR (COMMANO ANO DATA WORDS)

POWER APPUED/INTER RUPT

717-S0- IS

Figure 16

BITE St::aCus Regis=er

45-

FIL,JGi,IT SI'STEId$

lllqq_l[NtX, ARIZONA SECURITY NOTATION

S200-042 (5*76) CONTINUOUS

m
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FLEXIBLE MULT7PLEXEE/DLqULT_LKXEE CONY_GUEAT_ON

t



ENGINEERING

SPECIFICATION

m

REV
LTR

5-

10-

15-

20

J
I

25-

_o_
b

FMI)M Type

OFT Flight Unit

OFT qual Unit

SD

DCIN

DI28

DIS

DCO

D028

DO5

P028

T SECURITY NOTATION I SPEC

1 tFSCM 07187

APPENDIX A

FLEXIBLE M_ILTIPLEXER/DEMULTIPLEXER CONFIGURATION

I/O Card No.

0 i 2" 3 4 5 6 7

DIS DI5 DO5 DO28 D128 SD DCIN D028

DI5 SD DO5 PO28 D128 DCO DCIN D028

Serial Digital I/O

- Analog Input Differential

Discrete Input High (28 vdc)

- Discrete Input Low (5 vdc)

- Analog Ouput Differential

- Discrete Output Hlgh (28 vdc)

- Discrete Output Low (5 vdc)

Pulsed Output High (28 volts)

40-

Jk.
ST=E Y
FI. IGH1 SYST E4t$

PI"IOE N Ill, AR¢._ON,& S_CURIT_ NOTATION

SUPPLEMENTS

S200-042 (S-76) CONTINUOUS

A-I
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APPENDIX B

_F_KI_ACE PIN/FUNCTION LISTING



ENGINEERING

SPECIFICATION

REV
LTR

.mmmml

SECURITY NOTATION SPEC
NO.
i

ssc_ 07187

,J

REV LTR

APPENDIX B

ZNTEEFACE PLN/FUNCTZON LZSTLNG

10-

15-

20-

25-

30-

35-

_m

4S-

S IMI)LEX FMDM DATA BUS CO_ECTORS

J5 Slm_lex F_M

2
3

4
5
6
7
8
9.

10
I1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

Logic "I"

Spare
Logic "0"

Spare
Bi_ I (HSB)
Bit 2
Bi_ 3

Bit 4

Bl_ 5 (LS B)
Spare
DaCe Bus (1:11)
Data Bus (LO)

Spare
Spare

Spare

Program
SEQ ADR CSL
SEQ ADR 8

SEQ ADR 7

SEQ ADR 6

SEQ ADR 5

Spare
CLASS GLN OUT
CLASS GL_ IN

SEQ ADR 4

SEQ ADR 3
SEQ ADR 2
SEQ ADR I

SEQ ADR ¢
+SV Out
+5v In

Da_a T/O
Data Z/O I

Data Z/O 2

Da_a Z/O 3

IIt,IOINIX, ARIZONA SECURITY NOTATION

SUPPLSMENTS

B-I
PAGE

S200-042 (S-76) CONTINUOUS



ENGINEERING

SPECIFICATION

RSV
LTR

mml,mm,m

5e

10-

'S-

20-

25-

35-

40_

4S-

CLkSa4YSTSTI[MS "
IIq'i_EIIIIX. ARIZONA

5200.,042 (5-76) CONTINUOUS

SECURITY NOTATION SPEC
NO.

|1

FSCM 07187 REV LTR

SL_LPLEX FMDM DATA BUS CONNECTORS (conE)

45 Simplex F___M

Pin 36

37

38
39
40

41
42

43

44
45
46

47

48

49

50
51

52

52
53

54

55

Spare

Spare

Spare
Spare
DATA 1/0 4

DATA Z/0 5

DATA ZIO 6

DATA Z/O 7

Spare
-57 OuE

-SV T-

Spare

Spare

Spare

Spare

Spare

Spare

Spare

Spare
+12V Ou_

+12V In

NOTE: Shield _ied _o connector backshell.

J6 Simplex FMDM

PinA

Pin B

Pin C

Pin D

Pine

+28 vdc

DC Re_urn

Signal Ground

Chassis Ground, if required

Shield Ground, if required

NOTE:" LO pins will be wired Co SML% pin 2 on

prototype an4 production MZAs.

HZ pins will be wired to SMIA pin t8 on

prototype and production HZAs.

SECURIT_ NOTATION

_--2

SUPPtEMENT3 PAGE

°



ENGINEERING.

$PECIF1CATIQN

REV

LTR

5-

10-

15-

20-

' 25-

311"-

35-

45-

m

C4cd Pin

I
I
i

i
i
i
i
i
i
!

r
_O_3

tOM2
I

"1 i
i

r
[OMZ

.,

_Qa

Jt
2

3

5

6
7
8

9
LO

LL
L2

t3

[5

1.6
T.7

L8

L9
20

21

22"
23

, 24"
2S.
26
Z7

28
29
3O

31
3Z

33

34
35

36
37

38

39
40
t,L

1.2
43

! 46
i 47J

• j 1.8

1' t.9
J1 SO

IIM4OI[NIX. Alql ZONA
=

$200-G42 (S-Te) CONTINuouS

SECURITY NOTATION SPEC
NO.

vscM 07187

SZI_LKX FMDH CO_ECTOKS AND PiNS

ca

CH

t R['_ J

t S,-4
2 P.£T O

Z S-t0

2 ,S-L3.

i _ Spa=e
L S-L1.
L J-_

I j-tt
L S-3

2 S-lt
z J-tt
2 S-L2

l J-t2
1. S-7

I. S-I.O
L $-0

l J-8

I S-Z
Z S-t_

• 25-9.

2 _ Space
I P,K'L"D
L 5-13

I S-I

I J-._

I R[CA

I S-t5
I S-9

.l i__rTC

• Space
2 5-8

I _tK"_ O

I S-13

I J-l_
I S-S
I S-9

I R&"r C

I_[T8

L 5-.4

2 S-IS

2 S-9
Z _'ET 0
2 S-t0

2 S-t3

I _ Space
I S-12

L 5-7
I S-L0

! S-..O

ca L iU.rT _
t S-.4
2 RE'T O

2 S-10
2 S-L3

i _£'TA

i J-L1.
t S-5

L S-LI
i S-3

Z S-L_
2 J-tl
2 S-L2

L S-L2
I S-7

t S-l.O
L S-O

I S-8
I S-Z

2 S-LS ..
Z S-9

_.['r. spat6 c
_'T Space D
I S-L3

I S-t
L S,-,S

L R£'_ B
L J-l_
L S-9

LP_'TC

2R[TC
Z S-8

_.ET Space O
[ S-[3

i S-L4
I 5-5

t S-9
I P.£TC

t._'CO
t S.._'

Z S-L3

Z 5-9
Z _.[T O
Z S-LO

Z S-13
L P,.£'L2A

L S-12

I S-7
I S-tO

C_ t S-0

C_ 3 DATA LO
3 DATA _I

2 _LES OUT. LO

3 WD _NAL LO
3 gO K._L _iZ

2 _J[S OUT _1

Z DATA LO
2 DATA HI

3 _S OLT_ LO
3 _LES OUT HI

2 !t£S Lq LO
2 HES _N KZ
Z _,'D L-'_M. LO

Z _ E3AI, HI
3 ,'_S Lq LO
3 MES Z_ _I

2 H£S OUT LO
3 ME.5 C_ L0

3-DATA LO

3 OAT.A R1

2 :U_S OUT RZ

2 DATA LO
C_ 2 DATA H_

Sac'iaZ 0C%',1

ca 3L LO
3t EI

tt LO

tl _,Z
L3 LO

L3 ".,41
IS LO
Z5 LO

]O LO
30 _I

lO LO

L0 HZ
12 L,O
t5 1.0

Z5 _Z

27 LO
27 _Z

29 T..O

29 _Z
9UO

9 ttI
t2 _.T.

14 LO
1.4 r.I_"

24 LO

21. K_
Z6 LO

26 ._Z
28 LO

ZJ _.I

8LO

L_ ro

L1. HZ

lJ LO

25 LO
28 LO

Z8 ._Z

31, LO
31 _Y.

9 LO
9 _tI

li LO

/.t H_

13 LO
13 _,Z

L5 K1

27 LO
CH 27 _Z

DC0

ca L5 LO

LO

Z LO

2 HZ
_, LO
9 LO

9 RZ

It LO

11. LO

11. _Z

t3 Lo
L3 _

I
& LO

9 L0

LJ LO

5 LO

5 _Z

2LO
Z 8Z

1. KZ

9 HI:'
.ll LO

CH LL HT.

SECURITY NOTATION I

SUPPLEMENTS

REV LTR
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REV
LTR

S-

10--

IS-

20 "

25-

30--

35--

4S-

ENGINEERING

SPECIFICATION

sEcURITY NOTATION
$PEC
NO.

pscM 07187

SIP_LF.X El_M CONNECTOKS_ 9!_$ (coat:)

Iq.IGftl' b*'IITIILI

PI, I_NIX. ARIZONA
ii

S20G.G42 (5-76) Ct:NTINUOUS

L S-11
i S-3
2RE': C

I S--S
Z S-t4

2 S-LL

2 S-ZZ
Spate C

L S-t
L S-6
L_'TS

L S-iS
i S--S

L S-Z

2 S-t4
2 S-LI.
2 S-L3

L _[TA

i S-L4
i S-t2

i S-LO

L S-O

L S-3

Z S-2
L P.ET S

L s,,,4.
Z S'-LS

2 S-9

2 S-L2

Space C
SET Space D
L S-L
L RE1" S
i S-L5
L S-9

i_'T.C
i S-L1

t S-3

2RETC
2 S-8
2RL'_D

2 S-tO

t S-L3
L S-6

L S-5
1 S-7

L3 _0

L3 H_

9 LO
CH 9 HC

SEt.,'l.JR ITY NOTATION

SUPPLEMENTS

B-4
PAGE



ENGINEERING

SPECIFICATION

_Ev j
LT_ I

--,,-,,---4

SECURITY NOTATI.ON SPEC
NO.

_sc_ 07187 REV L'I"R

lo-I

zo-_

zs-]

2o-I

3s-]

4o,._

4s-I

Cacd

I_'!0

SLqPLEX FI_H C0_ECTORS A_'TDP!NS (coup)

JL

J1

Pt-
T.npuc Output

OLscceces Oiscceces DC0

97 C_ L S-9
98 L S-Z "

99 L ttL/'T 9

L00 L S.-&
L0L 2 S-LZ

L02 Z L"T Space
[03 L S-L4
104 L S-L2

L0_ L S-5

[06 L S-7
I07 L S-9

LO8. t _ C
L09 I S-ll
L[0 L S-3

LI[ 2 RET O

L12 Z S-LO
L13 L _&'T D"

Ll_ I S-L3
L15 L S-L
L15 I S-10

L17 L S-O

[L9 Z S-15
LL9 Z S-e
L20 2 S-L4

lZl 2 S-IX

L2Z L S,--6
LZ3 t R-"T X
124 I S-L5

L25 Spare
tZ5 Z-S-8

lZ7 2 S-£1

128 I _ Space

ZOM0 JZ _ 0 S-9

Z 0 P.L'T ¢
3 2 S-6

6 Z S-Z
S 2 5-5

6 ZRET !
7 2sErc

8 0 s-6
9 0 S-L0

LO 0 5-3
LL Z R£T A

L2 0 RE¢ Space

i L3 z s-7
l_ 2 S-O

J L5 O S-L
J L6 0 S-L4

I L7 0 S-2
i L8 0 S...8
l

I t' I' 19 O S-4
i

T.OM0 J2 Z0 CH 0 KE'T t)

d

_Ni at , ARIZONA

C'H I S.-8
I S-Z

L R£TD

L S..-4
2 S-t2

RL"_ Space C
I S-L4
t S-12

I S-7

.L S-9-
L _£¢C

L S-LL
I S-3

Z iLET O

2 S-t0

_'T Spare D
L S-L3

i S-L
L S-10
Z S-0

2 S-15
2 S-9

2 S-L4

2 S-L3
t S.-6
L RETD

t S-L$
.?, REC C

- 2S--8

Z S-Lt
L R,£T A

0 S-9

0 RZT O "
2 S:-6.

2 .S-2
2 S-5

2_'TA

ZRE'T S

0 S-6
0 S-lO

0 S-3

Space 8
ORETA

,2 S-7

2 S-O
0 S-I

O S-14

0 S-2

0 S-8

CE 0 S--4

R[T Space A

CH 3 _ oUT t.O
3 P,F.S-O(/¢ _1

3 DATA LO

3 DATA HZ

Z _F,S OUT LO

Z M.£S 0tr_ _dZ

3 _KS I_ LO
3 K£S _.q HI

' 3 ;;D .T,,'IAL LO
3 WD _qA1. 141

2 :'tES _! T._
2 DATA LO

2 DATA R[

Z ,"_S Lq RZ
2 _TO EZ(AL LO

I DATA LO

I DATA RZ

0 ,u-ES OUT LO

I WD L_J. H'r

-0 _ES OUT Re

0 DATA LO

0 DATA HI

I ,H_S OUT LO

CH L _ES 0UT HZ

ca 29
29

31

3L
12

t2

L5

25

25

ZS
28

30
30

It
tt

It

26
27

27
9
9

10

13
24
2fi

2G

10
13

23

23
3

3

5
7

17

Z2
22

2

Z
&

7
17

_9
L9

21

2_
OI 1

_eclal _X:I1!

L0
HI
L0

HZ
L0

L0

L0

L0

L0

L0

1.0

S1
L0
L0

L0

L0

L0

L0

L0

1.0

L0

L0

LO
L0

L0
HZ
t.0

Hi

L0

L0

[.0

L0

Ss=CURIT_f NOTAI"_ON

SUPPLEMENTS

Ca L 4 I L0

t_ I{Z

L5 LO

LS _T,

t, L0
ttZ

: 9 L0

.: _ Lo
5 PtZ

L3 LO
LL L0

LI H_

Z L0
L3 _ir

2 _Z

L0 LO

• L0 [11

6 L0

t .T,,,O

L _!I

3 LO

L2 L0
L2 HZ

8 LO

8 Re
CH 8 _Z

B-5
PAGE

9200-042 (S.-76) CON'_|NUOUS



ENGINEERING

SPECIFICATION

_sv i

SECURITY NOTATION SPEC
NO.

sSCM 07187 REV LTR

LT_ I

5-4

Ca_t Co_ P£=

[0_0 J2 ZI

10-t 22
Z3

I. 7.5

26

27
18

;5-i Z9
3O
It

Zoo0 32

. .. ZO_L 33

]4

20 --_ 3S
36
37

38

39
40

4t
25-J _.z

43
i u.

30"I
_ _9

$0
St
5Z

_3
t4

3S-',] IS
S5
_7

$8
_9

5O
6].

40--1 6Z
!I _ 63

$LUIDLEX FMDM CONNECTOKS AND PTNS (con_:)

CH 0 S-L2
2 S-t
2 5-4

2 S-3
0 S-7

0 S-O

0 S-L5
0_ZTS
0 RETA

0 S-.5

0 S-t ]..
0 S-L3

2 $-4

Z S-3

Z_":C
0 S-6

0 .'_'_ A .
e S-$

0 S-9
0 _[TC

0_ET D
0 S-LZ
: S-6

Z S-2
2 S-S

21_£T 8
2 S-0

0 S-].

0 S-t_*

0 S-2
0 S-t0
0 S-3

O" S-t].
0 S-t3

2_r':A

0 R£T Spa=e
2. S-7

2 S-L
0 S-7

0 S-0
0 S-L3

0 _LL"_ S
0 $-8

C1[ 0 S-4

C_! 0 _ DI LO
0 _".J[S ZN _I

0 '.,'ODIAL LO
0 Wl3 --t_ _tZ

I.d.S DI LO

0 _ZS OUT L0
]. M._ T.'_ L0

]. _£S [S _11
L DATA LO

I D&TA _IZ

0 DATA LO

0 DATA B1

L MO _IAL _I

].

3
3

?
L7

L9

L9

22

0
0

Z

2

&

[6

L8

].8
21

2L

• CTt 0 S-t2
2 S-t

2 S-_
2 5-3

0 S-7
0 S-O

0 S-L_
OXET8

OR._C
0 S-_
0 S-I].

0 S-t3

Z S-_,

2 S-3

0 S.-6

0RL':C
0 S-5
0 S-9

02£'_0

Rrf S'p=_, A
0 S-12

2 S-6

Z S-2
2 S-_

ZLrTA-

2 S-O

0 S-,t

0 S-Z&

0 S-Z
0 S-_.0

0 S-3

0 S-..t ].
0 S-13 -.

Spa_e
0P_A
2 S-7

Z S-_

0 5-7

0 S...O
0 S-].. '_

0 S..._

C'A0 S-_

0 KES r/! _11

- 0 U'D _='_ALt.O

0 ',,'D_'Ol. EZ

£ MF.5 OUt" LO

CH L HKS Ob_ _I

OCZ3 • DCO

]. _fl
_IT. CH 3 HT.

61.0

G HI
1.6 tO" 7 LO
].6 _4_ 7 _._

18 LO
L_ _Z

ZO L.O
Z0 HZ

050 050

0 _II 0 _Z

65O

6 ttZ

750

L7 LO 6 r.o

20 LO

20 _Z
23 LO tO LO

23 _Z 10 _

t LO

t,O

LO

_tZ

_Z 6 8.Z

HZ L2 HZ
LO
_Z

LO 0 LO
HZ 0 _

LO L LO

_Z L HT.
LO 3 LO

LO 7 LO

[.O

LO 6 LO

_T. CH 8 _IT.

leq_;_qT SY_TI[MS

IIq.IO|mX. ARIZON& SECU R rl"Y NOTATION

_200-_42 (S-7tl) CONTINUOUS

SUPPLEMENTS

1 i

8-6
PAGE



41 k

ENGINEERING

SPECIFICATION

.EVI
LT_ I

S_

_0-t

CaTd

IOM2

C_ltn

J2

2o-I

25-1

3o-I
I

IOlCZ

IOM.3

3S-i

i

i
I

i
I

J2

Xl.JC_T SYSTEMS

Illt((_[NIX. ARIZONA

5200-042 (5-76) CONTINUOUS

65
66

67

68
69

70
7t
72

73
74

75
76

77
78
79

80
8t

82

SECURITY NOTATION SPEC
NO.

Ssc_ 07187 REV LTR

SL'_LEX FM/)M CONNECTOKS _ND PINS (¢on_)

83
8t
85

86
87

88

89
90

9t
92
93

9t

95
96

97

98
99

tOO
tot

tO2

tO3
L04
tO5

tO6
107

L08

tO9
ItO

Ltl

It2
it3

It5

C_
• °

Cl{

7 L0

7 L0

SECURITY NOTATION

SUPPLEMENTS •

8-7
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k

ENGINEERING

,SPECIFICATION

' REV I

SECURITY NOTATION $PEC
NO.

_SCM 07187 REV LTR

LTR i
m--..m..I

5','-I

TO_

ls-d

2o--t

2s-I

3o-I

3s-I

4o-1

4s-I

Card Coon

I
I

1_ r
IO_3 J2

PLm

f;16
117
118

L19
t20

121
122
L23

t2;
t23
L26

127

L28

;0M4 J3 L
Z

4, 3

i 5
6

! 7

9
IO

. It
tl

L3

L4
tS

16
17

. L9ZO

: 21
Z2

Z3
14
25

26
27

28
29
3O

ZOM4 J3 32

SIMPLEX FHDM CONNECTORS .aND PINS (couc)

._upuC Output
Dtsccmcas Dtscracu SactaJ.

C4 Ca 0 DATA LO

0 DATA R£

i

IqJGIqY _STEMS

I_OIENIX. AJIIZONa

C_

S-f;&
S-2

_D

S-f;Z

L"¢A
S-5

C'dO S-1&
0 S-Z

Space A
0 S-LZ

Space S
Z S-5

S-O 0
S-L5 0
R£T 8 0

S-f;L 0
S-L3 0

¢ET Space 0
P_T8 Z

ILET8 1
S.-4 "L

P.CTD Z
S-f;0 2

S-L3 Z
?`.L_ Space L
S-LA L

S-$ f;
S-LL l
S-3 t

S-f;4 2
S-L1 2
S-f;2 Z

S.-L2 f;
S.7 l

S-f;O f;

S-0 f;
5-3 f;

S-2 f;
S-L5 2

S-O
S-L5

?`EZ" 8
S-LL
S-f;3

LrTA
?`Lr'l' A

?`_'T D
S-4

P.EED
S-l.O

S-f;3
R£TA

S-L&
8-5
S-LL
S-3

S-L&
S-LL

5-1.2

S-t2
S-7

S-LO

S-O
5-3

S-Z
S-L._

0 MES DI _I
0 _ F..'U_. L0

3 DATA LO
3 DAZA t{Z

Z .'_S OUT LO
3 WD E.'C_J. L0

3 _O Di,U. R1

2 _ OUT _I

Z DATA LO

2 DATA HI

3 H_'_ OUT 50

3 .".£S OUT HZ

t
t
2

2
2
l

L
I

l
l

2
2
2

l
l

l

l
I

l
2
2 S-9

2 RET Spare
I ?`ET O
f; S-f;3

f; S-f;
f; S.._
f; _.LP'Z*A

L S-L._
L 8-9

Space
2 S-8 CH

2 S-9

?,EL" Spare C

RrT Space O
t S-L3"

L S-L

L 5-6
LRETS
i S-L5

I S-9

I R£TC
ZLrTC

2 S-8

2 ._11S T,_ L0
2 :ES Lq _[I
2 NO _iAL LO

2 ',,TO £N.'E. BZ

MrS IN LO
Cti ] ,qrj Lq t1_

CH f;9LO
L9 _1

LLO

L _IZ
2LO

5LO

f;6 lIZ
L8 LO
18 _11

0LO
0H.Z

5 RI

3f; 50
3L _Z
LL LO

IL B1
t3 LO

L5 LO

15 LO
30 LO
30 _Z

LO LO
LO _1
LZ _

f;_ LO
25 _1

27 L0

27 a1
29 L0
Z9 _1

f;2 _I

L_ LO

l_ HI

...2_ L0
-2A RZ
25 L0

26 HI

28 LO
28 _I
8 LO

C'c[ 8 HI

L L0

7 UZ

0 L0
0 R1

L RZ

f;5 LO
L5 It1
5 L0

ZLo

2 "I
4 L0

9 L0

9 HI

iI L0

f;L _I
l& L0

L& MI

SECURITY NOTATION

SUPPLEMENTS
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ENGINEERING

SPECIFICATION

_ev j
L.T_ I

SECURITY NOTATION SPEC
NO.

FSCU 07187
m i

t .

, REV LTR

s-4

'm-I

ls-I

20 --4

2s-_

3o-I

3s_

4S"l

Cacd

!
t'

SIHPLEX F_IDM CONNECYORS AND PI_S (con_)

roll6

IP

[0t16

Co,ll¢l.

J3

I
;
!
i "
I

i
I

J3

f

Ft.JGi4T S'_JT EM.5

119IOINIX. ARIZONA

$200-042 (5-76) CONTINUOUS

Pin

33 Cli
34

35
36
37

38
39
4O

&L

4Z
43

45
A6

A7

68
49

50
5L
52

53
54

55
56

57
58

59
60

_L

6Z
63
64

65
66

67

68
_q

70
7L
7Z

73
74
75

76

77
78

79

80
8L

8Z

83
84 CR

t IL¢¢ 0
I S-L3

J, S°LA
L S-5
L S,-9

t .1t¢'_ C

LIECB
t S,-4
Z S-t5

Z S-_
2RET O

2. S-LO

2 S-L3
L _ Spa=e
L S.-I_2

L S-7
L S-L0

L S-0
L $-L1
I S-3

Space
2- S.-8
Z S-L_

Ca ILC'f Spa=-, O
S-L3

L S-LA
I S-5
I S-9

IL_'f.C

LL'£O
t S-,4

Z S-L.1

2 S-9
Z_'CD
Z S-10

2 S-L3
1P.Lr¢ A
L S-L2

I S-7
L S-LO

L 8-0
L S-LL

L S-3
2_e'TC

Z S..-8
Z S-L4

Z S-tl

Z S-LZ

Z R£T Spa=e
L S-L

L S.-6
L RL"¢ A

L S-L5
L S--8
L S-Z

2 S-LI
7. S-LZ

Spa=l C
I. S-L

L S-.6
L R._-r'_8

L S-L5
L S-8

L S-2

S-L_
S-LL
S-L3

ILE¢ Sps_e
$-L4

S-L2

S-L.O

S.-a

S-Z
R_'¢8
$-4

S-L_
$-9

S-LZ

RE"_ Spa_e
RE'TD

S-L

RET&
S-L5 C_

Z S-L_
2 S-LI
Z S-L3

LRZ¢_
L S-L_

L S-LZ
L S-LO
L S-O

L S-8

L 8°2
L K£TD

5-4

2 S-L5
Z S-9

Z S-L2

P,£¢ Spa=e C

_£T Spa=-, D
L S-L

L _,£'Z' 8
i S-IS

Ser_.aL

C_4 ZH_.S otto LO
.3 _..£S L'q LO

3 H£S Z_i _.T
3 O,_X.A LO
30AZA

Z _'_ES OUT ttZ

2. DATA _I

3 _9 E'l/J. LO
3 _ L-'_,L tlr

2 _IF.S T_I LO

2 P.F.S Y.,'i HI

Z _tD _L HI

3 HES OUT LO
3 P..F.S OUT _I

2 OAT_ L6
2 DATA 4I
3 _J_S 0trf LO

3 _ out _I
3 DATA LO

30ATA HI

Z ._ES ZN LO

Z MO _XAL LO
CEI 7. _O r-._AL HI

0CDI

Ca LALO
It tl_"

L5 LO
25LO
28 LO

28 _
3_. LO
3L t_Z

9LO

L1 [.O

LL liT.
13 I.O
L3 _Z

25 _lI

27 LO
27 HI

30 LO
30 HI

8LO

L0 I.O

_0 _

tZ _!I

Z4
2A _Z
26 LO

26 HI
29 LO
29 _I

L0 LO
LO ;'IT.

L3 LO

L5 LO

L5 lZZ

Z7 LO
27 _'r

29 LO
Z9 KZ
31 LO

3L H.I

9 r_..O
9 HI

,t2 1.0

L2 H'[
L4 LO-

Z:, r-O

2f_ LO
CH ,?.6 _1

OCO

L5 r.,O
L3 H.T.

5LO

2UO
2 _r

9 RZ

tt L0
L-L Hr

13

1.3 _.T.

L; LO

2 LO

2 4I
LO

LL 4I

L_ LO
L; 4I
_5 LO

_5 HI

CH L3 LO

• I
SECURITY NOTATION

SUPPLEMENTS
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L

ENGINEERING

SPECIFICATION

SECURITY NOTATION SPEC
NO.

_scu 07187

REV
I.TR

,=m,=mmm

5m

SL_PLEX F_DH CONNECTORS ._TD PZNS Croup)

10-

20-

°

2S-

30-

35-

dL0m

45--

Caxd

EO_6

_0M6

IoH 7

I

l
_0_7

COGn

J3

i
I

!

'I
J3

PIn

85 C_
86

87

88
89

90

9[
9Z

93

96
95

96

97

98

99
L00
10L

L0Z
103

LOt.
t05
106
L07

L08
L09
110

Ill
LLZ

IL3
114
Ll5

116
lL7

LIB
119

LZ0

LZL
L22

L23
L=;

L25
L26
127

LZ8 CH

S_rlal

CX 3 _ _ LO
3 MES _ HI

3 UD L_AL LO

3 WD _ _

Z HES I:N Hr
2 _ OUT LO

2 ,_£S OUT _'1:.

3 Hr_ OUT LO

3 _ES OUT 8_

3 DATA LO

3 DATA HI

Z ._[S OUT L0
I :kS OUT _Z

3MF.S Lq L0

] _O _A_ L0

Z HES _ LO

Z DATA L0
I DATA K1

2 HES "T._ HZ

CH 2 UD F-_AL ill

CE Z8 LO
Z8 _41
3U LO

30 _,'.
8 LO

8 t_

LL LO
LI _T.

Z5 LO

23 _t1

Z9 LO

29 _I

3L LO
3L t_

LZ LO
t2 FIT
t._ LO

, L5 _I

ZSLO

25 _1
28 LO

28 _I
30 LO
30 _;

LILO
LL _r

l_ LO
L_ R_

2_ LO

-_7 L=
27 _£

9_O
9 _I"

LO LO

26 LO
26 Ft_

L0 _tI

!

CH

C_

_|NIX. ARIZONA
i

5200042 (5-76) CONTINUOUS

SECURITY NOTATION

SUPPLEMENTS

DCO

LO
S ._

L3 _I_
9LO

L; LO
L4 HT.

L5 L0
L5 _;

9kO

LO

L3 kO
LL L0

LL ttZ

2 L0

L3 ['iT.

REV LTR

B-IO

PAGE



t-

r..

ENGINEERING

SPECIFICATION

REV j
LTR I

10--

!
i
i

15--

_m

2S-

30--

36-

_m

4S-

_0_7

I

I
i

;

i
I
i
!

!
_OM7

IOM6 •

I
!
I

I-
I
i
i

J
i
I

Cotln

J&

I
- i

!
!
i

i

Ip _P

_OM6 J_

P'_n

l
Z

3
&
5

6

7
8

9

L0
LI

LZ

L3
14
L5

16
L7

1.8

_LIGMT SYSTEMS

pt.tOM_x, ARIZONA

5200.042 (5-76) ¢ONTINUOU_

SECURITY NOTATION SPEC
NO..

_scu 07187

SI.MPLKX TM/3H CONNECTORS AI_D PINS (coup)

L9
20
ZZ

2Z
Z]

2&

25
Z6

Z7

38
Z9
30

3t
3Z

33

34
3S

36
37
38

39
40

t,1
{*Z

A4

45
46

47

&8
r*9

50
St

C'_

C'A

0 $-9

Z S=6

Z S-Z
Z S-5

Z'L_'T. S

ZR£T C
0 S-4
0 S-L0

0 S-]
ZR£"T A

0 P,£T Spate
2 S-7
Z S-0

0 S-L
0 S-L&

0 S-Z

0 S.._
0 P..L_ O
0 5-LZ

2 S-L
Z S-4

Z S-3

0 5-7
0 S-0

0 S-L5

ORETB

ORETA

0 S-5

0 S-LI

0 S-L3

Z S.-_

2 S-3
Z RZ"T C

0 S.-6
0R£TA
0 S-S

0 S-9
0 R£'f C

ORZ'f O
0 S-L2
Z S-6

2 S-Z

2 S-5
ZR[_a

Z S-0

0 S-L
0 S-L_

0 S-I
0 S-lO

CH

C_

0 S-9

2 5-6

7. S-Z
2 S-5
ZR_TA

2R£T5
0 S-6

O S-L0
O S-3

R_L" Spate
0 P,._-: A
Z S-7
Z S-0

O S-L

0 $-L&
0 S-Z
0 S-8

0 S..-_,

RET Spate A

0 S-LZ

Z S-L
Z S.-4

Z S-3
O S-7
0 S-O

o s-Is
ORETB
0 R&"]:C

0 S-5
0 S-L1
O $-13

Z 5...4
Z S-3

O 5--6 .
0 R_I_ C
O S-S

0 S'-9
0 R.=': O

Spa=e ..%.
O S-L2

Z S..,6
Z S-Z

Z S-5

2 KKT A

2 S-O

0 S-LL

0 S-L_

0 S-Z
S-1,0

SECURIT_ NOTATION

SUPPLEMENTS

REV LTR

OCO

6 L0

t .L0

3 L0

L2 LO
L2 az

8 LO
8 _Y.

3 HY.

7LO

7 F.Y.

0L0
0 _ty.

6 LO

1,0 L0

_.0 t.Iy.

6 HY.
1,2 L0

C_ 1,2 FIT.
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REV
LTR

51

10-

15:

20

25-_

30--

35-

4S-

SECURITY NOTATION SPEC
NO.

FSCM 07187

SIMPLL% FMDM CONNECTORS ..%NDPINS (con=)

Card

i

_0t46

_nP.5

!

_ttn

t

i

!
i

1!

Pt-

52
53

5_
56

57

58
59

60

6L
6Z

63
64

65

66
67
68

69
70

71

72
73

75
76

77

78
79

80
81
8Z
83

84
85

86

87
88

89

90
9L

9Z

93
96
95

96

Cl{

Z

O
Z
Z

2

0

0
0

0

0
0

0

O
Z

2
Z
0
0

O
0

0

0
0

0
0

Z

2

2

0
0

CH 0

S-3 CE
S-LI
S-L3

7..rCA
RZT Spare
S-7

S-L
S-7

S-O

S-L5
RL'_ 5

5-8
S-4

R_'TA

RE: Spa=e
S-5

RET 8
RET C
S-0

S-L4

S-Z
S-_

S-6

S-9
R_ C

R_ D

S-L2
S-7

$-L Z
S-Z, 2.
S-7 0
S-L5 0

P,E_, I_ 0
RLrCA 0

S-$ 0

0 S-3
0 S-LI

0 S-l]

Spa=e 8

Z S-7

Z S-I
0 S-7

0 5.-0

0 S-L5
0RL_S

0 5-8
0 S.-4

RE_ Spare S
ORI'TA

Z S-5

ZRZ_A

ZRA'TB

Z S-O

O" S-l&

0 S-Z

0 S-8

0 S-4

0 S-9
0XE:D

RE'_ Space A
0 S-L2

Z S-7
S-L

S-&
S-7

Se=i_

Cli L _ -P-I._. lit

O,_S I.'I LO

0 'tZS _.N ttZ

0 _ EZ_L LO
0 _D ENAL H.Z

L _S OUT LO
_ OUT HZ

0 DATA LO

0 DATA HZ

L _F__ OU'C LO

t _£S OUT _I

LDA_A LO

• L DATA HZ

0 HES IN LO

0 wO _'_AL LO.
O w9 v._IAL RE
L HES _N
L _F.S _N HZ

S-L5

RE_: S
R£'_C
S-$

S-LO
S-3

S-LI
S-L3

S-6
S-Z

S-3

S-O
S-6

S-L

Z

Z
0

0
Cll0

0 S-10
0 5-3

0 S-LZ
0 S-L_

Z S-6
S-Z

S-3
S-O

S-6
S-L

t NO E:IAL LO
t NO [_L _E

0 HES T.._ _IT.

0 RES OUT LO
CIL 0 :ES _ _tI

OCZ_ OCO

Cli ZZ ,_E
0 LO CR 0 LO
0 RZ 0 HE

ZLo ! t l.O
2 t(I I. liT.
_,LO 3 LO

tit 3 tit

L6 L0 7 LO

L6 R_ 7 tit

18 [,o

18 HE

ZL LO 8 LO

Zt RZ . 8 lie

ZLo, t L0
Z |IT L lit

7 LO

L9 LO LZ LO

[9 _1 IZ lit

ZL LO 8 LO

23 LO LO LO

_,_ tiT, LO _Z
LT..O

]. HI
_LO 3 to

_1 3 I{Z

6 LO
L6 LO 7 LO

L8 LO
L8 _Z
Z0 LO

20 _1

22 LO
Z2 _tI

OLO OLO

0 _1 0 HE
3_

3 _Z

6 _E
Lb lie 7 H.Z
L7 LO 6 ro

CH L7 H_. C_ 6 .qE

Im_lmx. ARIZONA

6200..042 (5-76| CONTINUOUS

SECURITY NOTATION

SUPPLEMENTS

REV LTR
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10-
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20"

30-

35'

45

C._rd

$Ot"[_.

I
!
r

_OH&

i ,

Com't

J_

i

l

r
JA

P£=

97
98

99

tOO
tot

LOZ
[03
L0&

LO_

106
L07
L08

109
1.10

LU.
U.2
1.13

LL_
[17

1].8
[[9

t;[O
[Z1
L2"

1Z:3

[=4
LZ5

].26

[Z7
!.Z8

WUGXlT SlITEMS

ImttOINlX. &RIZONak

S200-Oat2 (5,763 CONTINUOUS
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NO.

_sc._ 07187

SZIdl=LKX FMDM CONNECTOKS AND PINS (coat)
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